Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



b, Google 



Hs. Helen Cameron 




STANFORD UNIVERSITY LIBRARIES 



Digit zed by Google 



b, Google 



b, Google 



b, Google 



S'oh .Sik^ 



b, Google 



ANNUAL REPORT 



THE BOARD OF REGENTS 



SMITHSONIAN INSTITUTION, 



OPERATIONS. EXPENDITURES. AND OOSDITION OP THE 
INSTITUTION FOE THE YEAR 1864. 



WASHINGTON: 

SOTIBMUBRT PRINTINQ OFFICE. 



b, Google 



b, Google 



LETTER 
SECRETARY OF THE SMITHSOMAtJ INSTITUTION. 

COBfMUNICATIKO 



Smithsonian IjrsTiTDTroN, 

Washington, March 1, 1865, 
Id behalf of the Board of Regents, I have the honor to Bubmit 
to the Congress of the United States the annual report of the opera- 
tions, expenditures, and condition of the Smithsonian Institution for 
the year 1864. 
1 have the honor to be, very respectfully, your obedient servant, 
JOSEPH HENEY, 
Secretary Smttliaoaian InstUvtion. 
Hon. H. Hamlin, 

President <^ the Senate. 
Hod. S. Colfax, 

Speaker <^ the House <^ SepreaefUaUvea. 
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ANmAl REPOET OF THE BOARD OF REGENTS 



SMITHSONIAN INSTITUTION, 



THE OPERATIONS, EXPENDITUKE8. AND CONDITION OP THE INSTI- 
TUTION UP TO JANUAHY, 1865, AND THE PBOCEEDINOS 
OP THE BOAED UP TO MAECH 1, 1865. 



To the Senate and House of Bepreaentalivea : 

In obedience to the net of Congress of Aagust 10, 1846, establish- 
ing the Smithsonian Institution, the undersigned, in behalf of the 
Regents, submit to Cougrcss, as a report of the operations, expendi- 
tures, and condition of the Institution, the following documents : 

1. The Annnal Report of the Secretary, giving an account of the 
operations of the Institution during the year 1864. 

2. Report of the Executive Committee, giving a general statement 
nf the Smithsonian fund, and also an account of the expenditures for 
the year 1864. 

3. Proceedings of the Board of Regents up to March, 1865. 

4. Appendix. 

Respectfully submitted : 

S. P. CHASE, Chancellor. 
JOSEPH HENRY, Secrefary. 
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A. D. BACHE, 

KICHABD WALLACE, ^ EieeutiTo CommlttM. 
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H. HAMLIN, Tlce-Presideat of the United Btatea. 

S. P. CHASE, Chief Justice of the United States. 
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L. TRUMBULL, aiember of the Senate of the United States. 

OABRETT DAVIS, member of the Senate of the United Statoa. 
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W. U. SEWARD, Secretiuy of State. 
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O. WELLES, Secretary of the Navy. 
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PROGRAMME OF OR&ANIZATIOS 

OP THE 

SMITHSONIAN INSTITUTION. 



INTRODUCTION. 



Generci coTuiderations which ahovld aerve as a guide in adopting a Plan 
of Organization. 

1. Will of Smtthsoh, The property is beqaeathed to the Uoited 
States of America, ' ' to foand at Waehington, under the name of the 
Smithsonian Institution, an establiahmeDt for the increase and diffu- 
sion of knowledge among men." 

2. The bequent is for the benefit of mankind. The government 
ot the United States is merely a trustee to carry out the design of 
the testator. 

3. The Inutitntion is not a national establishment, as is frequently 
supposed, but the establishment of an individual, and la to bear and 
perpetuate his name. 

4. The objects of the Institution are, 1st, to increase, and 2d, to 
diffuse knowledge among men. 

5. These two objects should not be confounded with one another. 
The first is to enlarge the existing atock'of knowledge by the addition 
of new troths; and the second, to disseminate knowledge, thus in- 
creased, among men. 

6. The will makes no restriction in favor of any particular kind of 
knowledge ; hence all branches are entitled to a share of attention. 

7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new truths ; and can be most exten- 
sively diffused among men by means of the press. 

8. To effect the greatest amount of good, the organization should 
be such as to enable the Institution to produce results, in the way of 
increasing and diffusing knowledge, which cannot be produced either 
at all or so efficiently by the existing institutions in oar country. 

9. The organization shonid also be such as can be adopted provi* 
sionally ; can be easily reduced to practice, receive modifications, or 
be abandoned, in whole or in part, without a sacrifice of the funds. 
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10. Id order to compensate, in some meaeare, for tbe loss of time 
occasioned by tbe delay of eight years in establishing the Institution, 
a consideruble portion of the interest which has accraed should be 
added to tbe principal. 

11. Id proportion to the wide field of knowledge to be cnltivated, 
the funds are small. Economy should, therefore, be consulted in the 
constroctioD of the bailding ; and not only tbe first cost of tbe edifice 
should be considered, but also the continual expense of keeping it in 
repair, and of tbe support of the establishment necessarily connected 
with it. There should also b© but few individuals permanently sup- 
ported by the Institution, 

12. The plxn and dimensiona of tbe building should be determined 
by the plan of the organization, and not the converse. 

13. It should be recollected that mankind in general are to be 
benefited by the bequest, and that, therefore, all uunecessary expen* 
diture on local objects would be a perversion of tbe trust. 

14. Besides the foregoing considerations, deduced immediately from 
the will of Smitbson, regard must be bad to certain requiremeots of 
the act of CoDgress establishing the Institution. Those are, a library, 
a museum, and a gallery of art, with a building on a liberal scale to 
contain them. 

SECTION I. 

Plan (^ Or^nization of the Irutitution in accordance tvUh the foregoing 
deductions from the wiU <^ Smiikson. 

To ISCBEASE KtiOWLBt>GE. It is proposed — * 

1. To stimulate men of talent to make original researches, by offer- 
ing Buitable rewards for memoirs containing new truths ; and, 
• 2. To appropriate annually a portion of the income for particular 
researches, under the direction of suitable persons. 

To DIFFUSE KNOWumac It is proposed— 

1. To publish a series of periodical reports on tbe progress of the 
different branches of knowledge ; and, 

2. To publish occasionally separate treatises on subjects of general 
interest 

DETAILS OF THE PLAN TO INCREASE KKOWLEDOB. 

I. By stimvlating researches. 

1. Facilities afforded for tbe production of original memoirs on all 
branches of knowledge. 

2. The memoirs thus obtained to be published in a series of vol- 
umes, in a quarto form, and entitled Smithsonian Gontributiona to 
Knowledge. 

3. No memoir on aabjecte of physical science to be accepted for 
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publication wbicfa does not furnish a poRttive addition to human 
knowledge, resting on original research ; and all unverified epecula- 
tiona to be rejected. 

4. Each memoir presented to the InetitatioD to be submitted for 
examination to a commission of persons of reputation for learning in 
the branch to which tbe memoir pertains; and to be accepted for 
publication only in case the report of this commission is favorable. 

5. The commission to be chosen hj the ofHcers of the Institntion, 
and the name of the author, as far as practicable, concealed, unleBS 
a favorable decision bo made. 

6. Tbe volumes of the memoirs to be exchanged for the Trans- 
actions of literary and scientific societies, and copies to be given to 
all the colleges and principal libraries, in this country. One part of 
the remaining copies may be offered for sale ; and the other carefully 
preserved, to form complete sets of the work, to supply the demand 
from new institntioos. 

7. An abstract, or popular account, of the contents of these memoirs 
to be given to the pablic throngh the annual report of the Begents to 
Congress. 

II. Sy appropriating a part of the income, annvaUy, to special ol^ecta 
of research, vnder t)ie direction of 8uit(Me persona. 

1. The objects and the amount appropriated, to be recommooded 
by counsellorB of the Institntion. 

2. Appropriations in different years to different objects ; so that 
in course of time each branch of knowledge may receive a share. 

3. The results obtained from these appropriations to be published, 
with the memoirs before mentioned, in the volumes of the Smith- 
SoniuD Contributions to Knowledge. 

4. Examples of objects for which appropriations may be made. 
(1.) System of extended meteorological observations for solving 

the problem of American storms. 

(2.) ExplomtiooB in descriptive natural history, and geological, 
magnetical, and topographical surveys, to collect materials for the 
formation of a Physical Atlne of the United States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and of 
light ; chemical analyses of soils and plants ; collection and publica- 
tion of HcientiGc facts, accumulated in the offices of government. 

(4.) Institntion of statistical inquiries with reference to physical, 
moral, and political subjects. 

(6.) Historical researches, and accurate surveys of places celebrated 
in American history. 

(6.) Ethnological researches, particularly with reference to the 
different races of men in (forth America ; also, explorations and ac- 
curate snrveys of the mounds and other remains of the ancient people 
of our conntry. 
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DETAILS OP THE PLAS FOR DIFFUSING KNOWLEDGE. 

I. Bjf the patiication of a aeries of reports, giving an account of the new 
discoveries in science, and of Qie changes made from year to year in 
aU branches of k/ioicledge not strictly professional. 

1. Tbeee reports will diffuse a kind of knowledge generally in- 
teresting, bat wliicb, at present, is inaccessible to the pablic. Some 
of tbe reporta may be pnblisbed annually, others at longer intervals, 
as the income ot the Institution or tbe changes in the branches of 
knowledge may indicate. 

2. The reports are to be prepared by collaborators eminent in the 
different branches of knowledge. 

3. Each collaborator to be furnished with the jonrnals and pnbli- 
catione, domestic and foreign, necessary to the compilation of his 
report ; to be paid a certain sam for bis labors, and to be named on 
the title-page of the report. 

4. The reports to be published in separate parts, eo that persons 
interested in a particular branch can procure the parts relating to it 
withont pa re basing the whole. 

5. These reports may be presented to Congress, for partial distri- 
bution, the remaining copies to be given to literary and scientiGc in- 
stitutions, and sold to individuals for a moderate price. 

The following are some of the subjects which may be embraced in 
the reporta :* 

I. PHYSICAL CLASS. 

1. Physics, including astronomy, natural philosophy, chemistry, 
and meteorology. 

2. Natural history, including botany, zoology, geology, &c. 

3. Agriculture. 

4. Application of science to arts. 

U. MORAL AND POLITICAL CLASS. 

5. Ethnology, including particular history, comparative philology, 
antiquities, Ac. 

6. Statistics and political economy. 

7. Mental and moral philosophy. 

8. A survey of the political events of the world ; penal reform, Ac. 

III. LITEEATUEB AND THE FINE ABT8. 
9. Modern literature. 

10. Tbe fine arts, and their application to the useful arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

n. By the publication of separate treatises on subjects <^ general interest. 

1. These treatises may occasionally consist of valuable memoirs 

translated from foreign languages, or of articles prepared under the 

•This part of the plan has been bnt pnitiallj c&rried onL 
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direction of the InBtitntion, or procured by offering premiums for the 
best exposition of a given eubject. 

2. The treatises should, in all cases, he submitted to a commissioQ 
of competent judges, prevtona to their publication. 

3. As examples of these treatises, expositions may be obtained of 
the present state of the several branches of knowledge mentioned in 
the table of reports. 

SECTION II. 

Plan of organixoiton, in accordance icitk the terms of the res^ittions (^ 
the Board of Regents providing for ike two modea of increasing and 
diffusing hunoledgc. 

1. The act of Congress establishing the Institution contemplated 
the formation of a library and a ronsenm ; and the Board of Regents, 
including these objects in the plan of organization, resolved to divide 
the income* into two eqaal parts. 

2. One part to be appropriated to increase and diffuse knowledge 
by means of publications and researches, agreeably to the scheme 
before given. The other part to be appropriated to the formation 
of a library and a collection of objects of nature and of art. 

3. These two plans are not incompatible with one another. 

4. To carry out the plan before described, a library will be re- 
qnired, consisting, 1st, of a complete collection 'of the transactions 
and proceedings of all the learned societies in the world ; 2d, of the 
more important current periodical publications, and other works 
necessary in preparing the periodical reports. 

5. The Institution should make special collections, particularly of 
objects to illustrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of 
experimental science. 

7. With reference to the collection of books, other than those 
mentioned above, catalogues of all the different libraries in the 
United States should be procured, in order that the valuable books 
first purchased may be such as are not to be found in the United 
States. 

9. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institution a centre of biblio- 
graphical knowledge, whence the student may be directed to any 
work which he may require. 

9. It is believed that the collections in natural history will increase 
by donation as rupidly as the income of the Institution can make pro- 
vision fur tboir reception, and, therefore, it will seldom be necessary 
to purchase articles of this kind. 

10. Attempts should be made to procure for the gallery of art 
casta of the most celebrated articles of ancient and modern sculpture. 

*Tbe amount of Ihe Smitbaonian bequest received into the Trenaary of Ihe 

United .Smtes is 3r>l5,169 00 

ImcruHloDtlieBamoloJitlyl, l>^-IG, (devoted (olheerectjon of tbebaildmg). 242,139 00 
Annual incemc from the bcqueal 30,9J0 14 
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11. The arts may be enconr^ed by providtog a room, free of 
expense, for the exhibition of the objecta of the Art-Union and other 
similsr societies. 

12. A small appropriation should anonally be made for models of 
antiquities, sncb as those of the remains of ancient temples, &c. 

13. For the present, or until the bnilding is fully completed, be- 
sides the Secretary, no permanent assistant will be required, except 
one, to act as librarian. 

14. The Secretary, by the law of CongresB, is alone responsible to 
the Regents. He shall take charge of the building and property, 
keep a record of proceedings, discharge the dutiee of librarian and 
keeper of the museum, and may, with the consent of the Regents, 
einptoy {uaistanU. 

15. The Secretary and his assistants, during the session of Congress, 
will he required to illustrate new discoveries in science, and to exhibit 
new objects of art. Distinguished individuals should also be iuvited 
to give lectures on sabjects of general interest. 



This programme, which was at first adopted provisionally, has be- 
come the settled policy of the Institution. The only material change 
is that expressed, by the following resolutions, adopted January 15, 
1855, viz: 

Seaolved, That the 1th resolution paeeed by the Board of Regents, 
on the 26th of January, 1847, requiring an equal division of the 
income between the active operations and the museum and library, 
when the buildings are completed, bo, and it is hereby, repealed. 

Resolved, That hereafter the annual appropriations shall be appor- 
tioned specifically among the difieront objects and operations of the 
Institution, in such manner as may, in the judgment of the Regents, 
be necessary and prot>er for each, according to its intrinsic import- 
ance and a compliance in good faith with the law. 
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REPORT OF THE SECRETARY. 



To the Board <f Begenta </ the Bmithaonian Institution : 

Gentleheit : The daty of presentiDg to yoa the ananal report of 
the operations and stale of the Smithsonian Institution recnrs, on 
this occasion, under peculiar circumstAnces. On the 24th of last 
month, the day before that designated for the annual meeting of the 
Board, a fire occnrred, of which an account is given in the Report 
of a Special Committee. It destroyed the documents contained in 
the Secretary's office, and among these was the mannscript of the 
annual report, which was ready for presentation. The destruction 
of this involved the necessity of rewriting the whole article, and has 
delayed its presentation until the present time. 

t Another circumstance which characterizes our present meeting ie 
that, for the first time in the history of the Institution, not one of 
those who constituted the original Board bf Regents is now in attend- 
ance. With the exception of a single member, (Professor Bache,) 
who ia seeking lu a foreign country the restoration of 'his health, 
an entire change has taken place in the peraoaal composition of the 
Board. This change has been much more rapid during the last four 
years, or since the commencement of the war. Within that period, 
death has repeatedly cast its shadow over the Institution. Indeed, 
the number of thone connected with the eBtablishment who have 
departed this life since the epoch mentioned exceeds the number iu 
all the years that preceded. The death of Judge Douglas, of Illinois, 
of Senator Pearce, of Maryland, and that of Dr. Felton,*f Cambridge, 
all prominent members of the Board, were communicated at the laat 
and the preceding meetings; and I have now to add, as having oc- 
cnrred since the last session, the death of General Totten, who was 
one of the Regents named in the original act of Congress organizing 
the Institution, and who continued during life to be an active member 
of the Board, and by repeated election, one of the executive commit- 
tee; that of Chief Justice Taney, who ever evinced a lively interest 
in the welfare of the Institation, was one of the original members 
of the Board, and for a long time held the office of its chairman ; and, 
lastly, that of Jndge Dayton, whoso decease, in the full enjoTmentfof 
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tbe boQore of his high position as the representative of hia country 
at the court of France, we have recently been called to mourn. 
Though tbe latter was unable to atteud tbe meetings of tbe Board, 
be rendered good service to the lostitntion in extending its repata- 
tionand promoting its correspondence abroad. Besides this mortality 
among the Regents, there have also occurred in tbe same period four 
deaths among tbe assistants and employ^ of tbe establishment, and 
two among tbe boaorary members, making twelve in number thus 
removed. 

This rapidly recurring mortality has not failed to impress me pro- 
foundly with the instability and uncertainty of life, and has led 
me, in view of the late conflagration and the lose of the counsel of 
those to whose generous and zealous co-operation I have been so long 
indebted, to regard with more than usnal solicitade the proper dis- 
charge of tbe responsible duties which are intrusted to me as the 
principal executive ofBcer of the establishment. 

Yet, however grieved at the loss occasioned by tbe fire, and sad- 
dened by the departure of those to whom I bare just referred, I have 
not permitted myself for a moment to doubt that I shall continue to 
find in tbe present members the same cordial co-operatiou and liberal 
support which has characterized tbe guardians of tbe Institution for 
tbe past twelve years. Whatever may have been the diversity of 
views previous to that period, do difference of opinion has since been 
expressed as to the propriety of the general policy which has gov- 
erned tbe operations of the establishment, uor has a doubt been inti- 
mated as to the value of the resultsproduced or their strict conformity 
with tbe intentions of Smitbson. This harmony is, perhaps, more 
worthy of remark, when it is remembered that in tbe choice of the 
Regents they have been designedly selected by Oongress from each 
of tbe prominent political parties of tbe day. Men of the most con- 
flicting opinions meet here as on a common gronnd of friendly sym- 
pathy, impressed with tbe feeling that rivalry and prejudice should 
hold no sway in tbe presence of interests whose universality and 
permanency properly withdraw them from tbe sphere of popular and 
temporary excitement. Hence my enforcement of the rule excludin"" 
from the lecture-room of the Institution topics of a partisan and irri- 
tating character has been fully sustained; while, at the same time 
the course which has been pursued of rendering the government in 
its late trials every aid which could be supplied by scientific re- 
search has been warmly approved. 

As most persons are probably entirely ignorant of the services 
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really rendered to the goveromeDt by the InstitntloD, I may here state 
the fact that a large ebare of my time — all, indeed, which coald bo 
spared from official duties — has been devoted for the last four years to 
iDveBtigatioQs required by the public exigeociea. Witbio this period 
several hundred reports, requiring many experiments, and pertaining 
either to proposals purporting to be of high national importance, or 
relating to the quality of the multifarious articles offered in fulfilment 
of legal contracts, have been rendered. The opinions advanced in 
many of these reports not only cost much valuable time, but also in-* 
volved grave responsibilities. While, on the one hand, the rejection 
of a proposition would be in contravention to the high importance 
claimed for it by its author, on the other the approval of it would per- 
haps incur the risfe of the fruitless expenditure of a large amount of 
pabli^ money. It is not necessary, I trust, to say that the labor thus 
rendered was entirely gratuitous, or that in the judgment pronounced 
in any case no regard was paid to the interested solicitations or per- 
sonal influence of the parties concerned; on the contrary, it has in 
some instances resulted from the examination of materials sold to the 
government that attempted fraud has been exposed and the baffled 
sfieeulator received his due reward in condemnation and punishment. 
These facts, it is thought, will be deemed a sufficient answer to 
those who have seemed disposed to reproach the Institution with the 
want of a more popular demonstration, but far less useful or efficient 
aid in tbe support of the government. 

At the close of 1864 the affairs of the Institution were in a highly 
prosperous condition. It will be seen by a reference to the report 
of the executive committee that — 

First. The whole amount of money originally derived from the 
bequest of Smithson is still in the treasury of tbe United States, 
bearing interest at six per cent., paid semi-annually, and yielding 
$30,910. 

Second. Seventy-five thousand dollars of an extra fund are in 
bonds of tbe State of Indiana, at five per cent, interest, also paid 
semi-annually, yielding $3,150. 

Third. Fifty-three thousand five hundred dollars of the same fund 
are in bonds of the State of Virginia, twelve thousand in those of 
Tennessee, and five hundred in those of Georgia, from which nothing 
has been derived since tbe commencement of the war. 

Fourth. A balance of upwards of $29,000 is now in the bands of 
the treasurer of the Institution. The only difference in this state* 
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meat and that of last yenr is that the balance now in the hands of 
the treaenrer is $2,500 Iobb than before. This difference is mainly 
dae to the increase of prices and the consequent necessity of a greater 
expeoditnre in carrying on the ordinary operations. 

In view of the great ezpenditnres of the government on acconnt of 
the war, the Institntion did not at first claim, as it might reasonably 
have done, to have the annual income from the original bequest paid 
in specie, as all the older funded debts of the United States are paid. 
Bat since a large ontlay will be required to repair the damages cansed 
by the fire, the necessity conld not be avoided of calling the atten- 
tion of the Secretary of the Treasnry to this measare. That this 
claim is a just one was the nnanimoos opinion of the Board of 
Regents, and among them of Chief Justice Chase, and in accordance 
with the inetrnctions of the Board I have presented this matter to 
the department. It was referred by the Secretary tt^his legal ad- 
viser, the Solicitor of the Treasury, who has decided that in accord- 
ance with the nsage of the government the Institntion is entitled to 
receive the interest from the original beqnest of Smithson in coin. 
The preminm on this will therefore, in futare, increase the balance 
in the hands of the treasnrer.* 

It was mentioned in the last report that a part of the original be- 
quest, amounting to ^,015, was left by Hr. Bash in England as the 
principal to secnre an annuity payable to the mother of Smithson's 
nephew. The annuitant having died, a power of attorney was sent 
in November, 1S62, to Messrs Fladgate, Clark and Finch, (the same 
firm originally employed by Mr. Rash,) to collect the money. After 
a considerable delay, arising principally from technical difficnltiea, 
the money was obtained and deposited to the order of the Institution, 
with George Peabody & Co., bankers, London. It was subseqaently 
drawn through the agency of the Secretary of the Treasury, and, in 
accordance with the law of Congress directing that the money of the 
Smithsonian bequest should be invested in United States secnrities, 
it was expended in the purchase of government bonds, bearing in- 
terest at the rate of 7-^- per cent. The amount realized in bonds of 
this denomination, at par, was (54, 150. It was at first supposed that 
this money, or at least the interest upon it, could immediately be ap- 
plied to the uses of the Institntion, bnt from a critical examination 
of the enactments of Congress in reference to the Smithsonian fund, 

* The pnmioni on the coin received linM the presentatioii of the report, on acconnt of the 
interest dne lit Jfutniur, wu |7,473 70, which tarn added l« ti»,4a« 06 f^*ei |36,9S6 78 
M the unonnt in the banda of the tieasnrer /■ ' i 
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it was fonad that the appropriation of the beqaeat bv the act organ- 
izing the eBtablishmeDt in 1846, related only to that part of the be- 
qneat which had already been received, and made no provision for 
the disposition of the reeidaaiy legacy which has joat become avail- 
able. It can scarcely be doabted, however, but that Congress in- 
tended to appropriate the whole of the beqnest to the maiptenaQce 
of the establishment ; still, for this purpose, a special act will be 
required, and it is desirable that the sum recently received be de- 
posited in the treasury on the same condition with the amount origi- 
nally obtained, that the interest alone shall be subject to expenditure, 
lu this connexion it ia proper to remark that Mr. Peabody, who 
received the deposit of the fund, so far from claiming the nsnal com- 
mission, allowed four per cenL on the money while it remained in his 
hands. 

It will be seenfroDi what follows in this report that all parts of the 
programme have been prosecuted during the past year with as much 
energy as the means at our disposal would permit, and that althoi^h, 
in some particulars, not as much has been accomplished as in pre- 
vious years, the inequality will, it is hoped, be attributed, as it is 
properly referable, to the difficulties under which the Institution, in 
common with the whole country, hae been laboring. 

PtMiaatiom. — The whole number of pf^es issued daring the year 
amount to 872 quarto and 1,657 octavo. 

The thirteenth volume of the Contributions has been distributed to 
public libraries, and the fourteenth is nearly completed, and will be 
published in the course of a few months. It will consist of the fol- 
lowing papers : 

1. The third and fourth series or concluding parts of the discus- 
sion of the magnetic and meteorological observations, made at the 
Qirard College observatory, Philadelphia, by Professor A. D. Bacbe, 
Superintendent of the United States Coast Survey. 

2. On the construction of a silvered glass telescope, 15} inches in 
aperture, and its use in celestial photography, by Dr. Henry Pra- 
per, of the University of New York. 

3. A memoir on the palseootology of the Upper Missouri, by F. 
B. Meek and F. V. Hayden.— Part I. 

4. A memoir on the cretaceous reptiles of the United States, by 
Dr. Joseph Leidy, of the University of Pennsylvania. 

It waa intended that Dr. Dean's paper on the medulla oblongata, 
described in the lust report, and partially distributed in separate nam- 
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ben dariDg the year, ehoald fbrm a part of thia volome ; nnfortn- 
nately, however, the platen ioteoded for its iUiwtration were destroyed 
in the fire, and its place io the volame has been aappHed by the foortb 
article, which has since been presented for publication. 

In tba reports for the last three years an acconnt has been given 
of a series of papers coDtaiaiog the dedactions from the magnetic ob- 
servatioDB at Qirard College, Philadelphia, by Professor A. D. Bache, 
Saperiotendent tJoited States Coast Snrvey. The wboleof this series 
of papers was divided into four sections, each containing three parts. 
The object of the whole series is to present the results deduced from 
the changes observed in the direction and intensity of the magnetic 
force of the earth as apparently affected by the position of the sun 
and moon relative to the earth and to each other. 

The first section related to the disturbances in the line of the de* 
clinatioB, or of the fitfnl variation, as it is called, of the magnetic 
needle, and to the regular variations of the declination. 

The second section related to the variation in the intensity of the 
magnetic force of the earth, estimated in a horizontal direction. 

The third section related to the same force as estimated in a verti- 
cal direction. 

The fourth section relates to the perturbations or fitful changes in 
the direction and intensity of the total magnetic force of the earth 
as estimated in the direction of the dipping needle. 

The first three of these sections have been described in previons 
reports, and it now only remains to give an account of the fourth and 
last. 

The data for the dedactions given in this section are the quantities 
observed in the variations of the horizontal and vertical components 
of the magnetic force, expressed iu minute scale divisions corrected 
for progressive changes in the magnetism of the bars and for changes 
due to temperature. The object of the investigation was to deter- 
mine the law of the great disturbances to which the total intensity 
and direction of the magnetic force of the earth is sabjected. It is 
well known that the intensity and direction of the magnetic force of 
the earth do not remain the same from hour to hour, bat are subject 
to regular Suctaations connected with the day and the season, and 
also to larger perturbations, which have until lately been considered 
fitful, and have therefore received the name of magnetic storms. The 
special object of investigation of the first part of the fourth series is 
to ascertain the average character of the large distarbfraces, and t» 
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deduce, if possible, the law by which they are governed. This is 
&e most iDtrlcate part of the whole aeries, aod is the final object to 
vfaich the precediog investigations were preparatory. From a care- 
fdl study of all the observations on the dip, it was foand that 1,446 
mifcht be considered as giving-abnormal values, and of the to.tal force 
of the earth's magQetism 1,470 indicated abnormal cbangee, which 
amounted to about one-fiftoenth part of the whole osmbeT of obser- 
TstioDS. These abnormal disturbances were analyzed in relation to 
their freqnmcy daring the hoars of the day, the month of the y«ar, 
and saccessive years ; they were also studied as to their tendency to 
exhibit an increase or diminotion in their variations and the times of 
the greatest and least action in relation to the periods above men- 
tioned. This part ends with a table of the relative magoitade of the 
distnrbances and a comparison of those of Toronto and Philadelphia, 
from which it appears that in eome cases there ia an agreement in 
the character of the simnltaoeoas changes in the two places, and at 
others not. 

The second part of the fourth section treats of the solar diurnal 
and annoal inequality of the dip and total force, that is, of the changes 
due to the snn which take place in the dip and total force from 
hour to hoar and from month to month. In this investigation all the 
greater perturbations are omitted and the laws of the simpler 
or more normal changes are sought. The diurnal changes in the dip 
are shown analytically and graphically for each month and for the 
whole year. The general character of the curve exhibits a maxi- 
mam at about II a. m. and a minimum atabout 5 a. m., with a ranga 
of one minute and two-tenths — a quantity too minute to be recognized 
by the ordinary dip circle, and which can only be observed by the 
differential reflecting instrnmeoL In summer the epochs occur ear* 
lier, with a range of a minute and a half, while in winter they occur 
later, with a rang© of only one minute. There is also a secondary 
flnctnation of small magnitude. The diurnal deviation of the dip is 
greatest abont the time of the equinoxes, and of these maxima that 
of the winter is the least. The diurnal changes in the total force as 
deduced from the average of the year are represented by a single 
crested curve, but from the average of the observations in winter 
alone this assumes the form of a double curve. The principal maxi> 
mum as deduced from the whole year coincides with the hour of 
2 p. m., and in winter occurs about an hour and a htilf earlier. The 
principal minimum coincides with 10 p. m., and occnrs in winter about 
two hours earlier. This part ends with an attempt to deduce from 
the data the annual changes in dip and intensity. The resuUii^Wt' 
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ever, is not entirely satUfactor; on acconat of the large distnrbances 
duo to variatioua of temperature, changes of the magQetism and ad- 
justment of the inetrnmeDt. 

The third part of the fourth section, or the twelfth part of the 
entire series, contains the result of the ol>8erTstioQB made with a 
poctable dip circle constmcted by Robinson, of London, the same' 
which had been previously used by Professor Bache in his magnetic 
observations in Pennsylvania and adjacent States, and also in Europe. 
The observations were made weekly during a period of nearly two 
and a half years; the monthly and anuDal mean observatious of the 
dip were tabulated and were found to indicate an ADOual decrease of 
one minute and two-tenths in this element. The same paper con- 
tains a collection of observations on the dip at different points in 
Philadelphia by different observers, from which a similar change in 
the dip has been deduced. The least dip occurred in January, 1840, 
and increased for several years after that date. It is probable, how- 
ever, from some subsequent investigations by Mr. Schott of observa- 
tions at other places, that the minimum obtained at Philadelphia, 
above mentioned, was of a secondary character, and that a still 
smaller dip will hereafter bo observed. Bat this point will be cleared 
up in a few years by observations now in process of collection. The 
discussion of this part, and indeed the whole of the series, ends 
with a table of magnetic constants for Oirard College, namely: of 
the declination, or variation, as it is sometimes called; of the dip; 
of the horizontal, vertical, and total force, all expressed in absolute 
measures, for five different epochs and for one mean epoch, that for 
January, 1843, for which the declination is 3° 32' W., the dip 71° 59' 
N., the horizontal force 4.173, the vertical force 12.83, and the total 
force 13.49, in nuita of one foot, one grain, and one second of menu 
time. 

From all the investigations on this subject up to the present time 
we may infer, first, that the earth is a great magnet, having a natural, 
and in one sense a permanent, polarity; second, that this polarity 
ia disturbed in intensity and direction by the varying effect of the 
heat of the sun ; third, that the magnetism of the earth is affected 
by that of the sun and moon; and fourth, it is probable that magnetic 
polarity is common to all the bodies of the solar system. 

The second paper in the thirteenth volume of the Contributions— 
that on the silvered glass telescope — is fully described in an article 
at the end of this report, copied from the "Intellectual Observer," 
of London. 
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The third paper in the volume, on the palseootology of the Upper 
Hifisonri, was described in the last report. It occupifiB 158 pages, 
and is illustrated by five plates of %iires engraved oa stooe. 

A fall account of the fourth papor, on the cretaceous reptiles of 
the United States, as given by the author, is also appended at the 
close of this report. 

Misa^laneoue CoSadions. — On account of the continued increase in 
the price of printing and paper, and the unexpected length to which 
some of the works were tending, I thought it advisable to suspend, 
for the present, the general publication of this series. Of the list 
of works it comprised, as given in previons reports, the only ones 
published since the last session of the Board are the second part of 
Binney'a Bibliography of American Conchology, Ueek's Check Lists 
of Fossils, and the supplement to Loew's Diptera. 

The first of these contains an account of the writings of foreign 
naturalists relative to American conchology, and also additions and 
corrections of the first volame, with a copious index of authors and 
names of species. It forms an octavo volume of 300 pages. 

The second work consists of check lists of all the species of creta- 
ceous, Jurassic, and miocene invertebrate fossils of North America 
which had been described up to the end of 1863. These constitute an 
important aid in the labor of cataloguing and labelling collections. 
The manuscript of another iramber of the same series, prepared by 
Mr. Conrad, of Philadelphia, has been received. It gives a list of the 
eocene invertebrate fossils, and, as the work is much wanted to assist 
in the distribution of specimens, it will be put to press immediately. 

The other article of the Miscellaneous Collections published during 
the past year is the supplement and completion of the second .part 
of the monograph of the Diptera of North America, by H. Loew. 
A general account of the work on the diptera (comprising Qies, mus- 
quitoes, £c) is given in the report for 1861. This order of insects 
has perhaps a wider distribution than any other known, and, from 
the variety and the minuteness of the specimens, is difficult of study 
and chissification. Before attempting to give a monograph of the 
whole order, it was thought proper to print a catalogue of all the 
genera which had been described, and this work (prepared by Baron 
Osten Sacken) was published in 1858. The preparation of the mon- 
c^rapb was intrusted to Dr. H. Loew, of Meseritz, Prussia, one of 
the most eminent naturalists in this line now living. 

la the first part of this work is an essay on the tenntnplogy of 
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diptera, & sketch of the systematic arrangement of the order, with 
the genera fonnd in North America. It occnpiea 221 pages, aod is 
illastrated by two plates. The second part is occnpied with a mono- 
graph of the American Dolichopodids. For a large portion of the 
materials on which both parts of this work are based the Institntios 
is indebted to the liberal assistance of Baron Osten Sacken, though 
some interesting species were commanicated to Mr. Loow by Mr. 
Le Baron, of Illinois, and by Professor Macklin, of Helsingfors, col- 
lected by Mr. Sahlberg. The types of a collection were also lent to 
him by the directors of the Hof Naturalien Kabinet, of Vienna. 

Althoagh the materials placed &l the disposal of the author were 
large, they did not reach the extent desired for the preparation of a 
complete monograph. The hope is, therefore, expressed that ad- 
ditional collectiooe will be made to complete the work, and for this 
purpose the request is earnestly urged on all North American col- 
lectors who take au interest in this order of insects, to favor the 
enterprise by seuding specimens to the Institution, which may be 
transmitted to Dr. Loew, 

The fauna of North American Dolichopodidae far exceeds the 
European in the variety of forms and in the number of species. 
A striking circumstance connected with this class of insects as fonnd 
in North America is their remarkable analogy to the remains of the 
fossil fauna of the same family preserved in amber. In both there 
is the same abundance of species of a particular genos, difficult to 
distinguish on account of their close resemblance. It would appear 
from this, that if there is a gradual variation of species under varying 
conditions of existence, this variation has been less in regard to 
American insects of this class than in those of Europe. It is import- 
ant in the progress of science not only to trace the limits of different 
faunas, but to compare those of a similar class in different countries. 
At present, however, this cannot be done with any degree of pre- 
cision, except in the case of the American and European insect 
fauna. In this case it is distinctly perceived that the two approach 
each other in the species of several genera, while in others the 
species are identical, and again those which are identical in both are 
very unequally represented in the two countries. Of the species 
common to Europe and North America, it is not improbable that 
some of them should have been accidentally imported in ships from 
the former. 

The second part, including the supplement, consists of 371 pages, 
and is illustrated by five plates. 
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Two other works of the same Beries were completed, and would 
b&ve been immediately published had the manuscripts not been de- 
stroyed by the fire. The first of these was a monograph of the 
Hyriapodo, by Dr. H. G. Wood, and the other a monograph on the 
LimnobiDa, by Baron Osten Sacken. 

Beporta. — The annual reports to Congress are printed at the expense 
of the government as public documents, with the exception of the 
wood-cots, which are furnished by the Instttntion; and it ia gratifying 
to be able to state that for a number of years there bos not been a 
dissenting vote in Congress on the adoption of the order to print the 
nsnal number of ten thousand extra copies of this work. The mann- 
script of the report for 1863 was unfortunately mislaid at the Capitol, 
and the public printer was therefore obliged to delay the publication 
on account of other more pressing demands of the dspartmeots of the 
government. It is mncb to be regretted that at the recent fire at 
the Institution all the copies of the reports on hand for general 
distribntion to individuals were destroyed, so that at present it 
will be impossible to supply the many applications which are made 
for copiei of the back volnmes of the series. The reports for 1S61 
and 1862 were stereotyped, and when the cost of press-work and 
paper ia reduced to its normal state, a new edition of these may be 
struck off and disposed of at the mere price of production. 

Tbe report for 1863 contains in the appendix a course of lectures 
on the principles of linguistic science, by Professor W. D. Whitney, 
of Yale College; a eulogy of Beantemps-Benupre, translated by C. A. 
Alexander, esq., a continuation of the series of memoirs of distiu- 
goished members of the French Academy of Sciences; an account of 
the origin and history of the Etoyal Society of Loudon, prepared by 
the same; an exposition of the modern theory of chemical types, 
by Dr. Charles M. Wetherill; an original article on the method of 
preserving Lepidoptera, with illustrations, by Titian R. Peale, esq. ; 
an account of a remarkable accumulation of bats at the residence, in 
Maryland, of H. Figaniere, Portuguese minister; a number of articles 
on ethnology, giving an account of ancient remains in various parts 
of America and Europe. There are also a number of translations 
made expressly for the Institution, viz: researchos on the phenomena 
which accompanied the propagation of electricity in highly rarefied 
elastic fluids, by Professor de la Rive; report on the proceedings of 
the Society of P.hysics and Natural History of Geneva, by Professor 
Ifarcet; the commencement of Plateaa's researches on the figures of 
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equilibrium of a liqaid mass witbdrawD from the action of gravity; 
an account of the hietory of discovery relative to m^netism; recent 
researcbes relative to tbe nebulsB, by Professor Oautier; an article 
from tbe annals of tbe Observatory at Madrid, by Uigsel Uerino, on 
tbe investigations made to determine tbe form and volume of the 
eartb; Arago'a account of aeronautic voyages performed witb a view 
to the advaDcemont of science, to which is added from an English 
publication Mr. Glaisher's account of bis recent asceiuiona in Eng- 
land; tbe first part of an interesting and valuable account of tbe ab> 
original inhabitants of tbe Galifornian peninsula, b; Baegert, a Jesuit 
missionary who lived there seventeen years during the second half 
of the last century; and an article from a German scientific periodical 
on purple and azure dyeing in ancient and modern times. At the end 
of the volume a few of the more important tables of weights and 
measures, especially needed for reference in some of tbe preceding 
articles, bave been added. 

Ethnology. — The publications of the Institution relative to eth- 
nology during tbe past year are those given in the appendix to tbe 
last report, tbe most important of which is a translation by Professor 
Ban, of an account of the abor^iual inhabitants of the Californiaa 
peninsula, by Buegert, a German Jesuit missionary. The book from 
which this translation was made was published in Germany in 1773, 
and is now very scarce and almost unknown iu this country. It will be 
considered, we doubt not, at this time, an interesting contribution to 
the ethnology aa well as the early history of a part of tbe world which 
has of late years occupied so much of the public attention. Mr. Rau 
has not given a translation in the strict sense of the word, but a re- 
production of tbe work only so far as it relates to ethnological matters, 
his object being to rescue from oblivion facts relating to the history 
of a portion #f the American race. The second part of this work will 
be published iu the appendix to tbe present report. 

There is a growing taste for the study of ethnology in this country, 
and consequently a desire to form collections illustrating tbe condition 
of tbe American aborigines in difi'erent parts of the continent. In 
order to encourage this tendency, and to bring together for critical 
study and comparison tbe scattered specimens which exist in this 
country, tbe Institution has requested, either as a gift or a loan, 
specimens of the arts and other remains found in mounds, excavations, 
or on the surface of the gronnd; and with the assistance of Professor 
Matile, formerly of the University of Nenfchatel, commenced in 1863 
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the preparatioo of a aeries of moulds from 'which csBts arb made for 
dietribation and excbaoge. Id carryiDg od this work we have been 
favored with a large colIectioD of specimeDB of Mexican art, principally 
images and masks, by the American Philosophical Society, of Phila- 
delphia, from which moulds have been taken. The prosecntioo of 
this work has been temporarily suspended, but will be resumed as eoon 
as facilities and means for its prosecution can be provided. In this 
connexion we would renew the request which we have made in pre- 
vious reports, that descriptions of alt mounds or aboriginal earthworks 
which may be discovered may be sent to the Institution for the pur- 
pose of farDishing the materials for a work at some future time on the 
distribution and migration of the ancient inhabitants of this contioent. 
Id order to preserve and render generally accessible the information 
which may be obtained in this way, it will be published in the ap- 
pendix to the next sncceeding annual report after its reception. 

Meteorology. — It has been mentioned in previous reports that the 
second volume of the results of meteorological observations made nnder 
the direction of the Smithsonian Institution and the Patent Office, from 
the year 1S54 to 1859, was iu press, and that its completion was de- 
layed by the unusual amount of printing required by the necessities 
of the public service to be executed at the Government Printing 
Office. It was thought best, therefore, to issue the portion already 
printed, without waiting longer for the other material which it had 
been intended to embrace in the volume. This portion, forming a 
quarto volume of more than five hundred pages, was consequently 
bound and distributed during the past year. It is divided into two 
parts, each occupying about half the volume. The first relates to 
the periodical phenomena of plants and animals from 1851 to 1859, 
inclnsivo, embracing observations upon the foliation of eighty-seven 
species, the blossoming of ninety-two, the ripening of |ruit of ten, 
and the defoliation of eighteen species of plants, and upon the first 
appearance of sixteen species of birds, one of reptiles, three of fishes, 
and two of insects. These results have a direct application to me- 
teorological science, by indicating the progress of the seasons in dif- 
ferent localities, and their relative variability in different years. To 
these have been added several tables of the opening and closing of 
lakes, rivers, canals, and harbors, collected from various sources, 
and tending to illustrate the same leading features of climate as the 
records of organic phenomena. The materials were furnished chiefly 
by the regular Smithsonian observers, and were arranged and pre- 
pared for publication by Dr. Franklin B. Hough, of Albaay. N. T, 
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The latter half of the volome ia occupied with materials for the 
critical Btndy of three storms in 1859, one of which ocoarred in March 
and the other two in September, collected from the records of the In- 
stitDtion, and prepared for pablicaUon hy Professor J. H. Coffin, of 
Lafayette College, Easton, PeoDBylvaoia. One of the important ob- 
jects aimed at in establishing the meteorological observations of the 
Smithsooian Inetitation was the collection of data for the critical ex- 
aminatjon of the development and progress of the extended commo- 
iioos of the atmosphere which occur daring the aatnmn, winter, and 
spring, over tiie middle or temperate portions of North America. It 
is well known that two hypotheses aa to the direction and progress 
of the wind in these storms have been advocated with an exhibition 
of feeling nnnsnal in the discassion of a problem of a purely scien- 
tific character, and which, with snfficieot available data, ia readily 
Busceptible of a definite solation. According to one hypothesis tho 
motion of the ur in these storms is gyratory; according to the other it 
is in right lines toward a central point, or toward an irregnlar elon- 
gated middle space. It is hoped that the data here given will be 
considered of importance in settling, at least approximately, these 
qnestions as to the general phenomena of American storms. 

These two quarto volumes of meteorological results for tbo six 
years 1854 to 1859 inclusive, embracing nearly two thoosand pages, 
together with a volume covering very nearly the same period of time 
published by the War Department, probably form an unsurpassed 
body of materials for the investigation of meteorological phenomena 
over so wide an extent of country. The tables of tfae War Depart- 
ment embrace nearly two hundred quarto pages of redactions for five 
years, 1855 to 1859, inclnsive, and form an appendix to the "statis- 
tical report on the sickness and mortality in the army of the United 
States," published in 1860, compiled by Assistant Snrgeon R. H. 
Coolidge, under the direction of Dr. Lawson, Snrgeon General United 
States army. The original records, both in the Smithsonian Institu- 
tion and War Department, from which the results coatained in these 
three volumes were deduced, are open to the examination of porsous 
who wish to make investigations more minute, or of a more extended 
nature than can be embraced in general tables. 

It is regretted that we have not the means at present of continuing 
the reduction of all the records as received from the observers, and 
of publishing the results. This want, however, is supplied to a 
limited extent by the publication of the reductions of temperature and 
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rain ia tlie iiuxithl; report on the state of the crops and the weather, 
iBsned by the ^gricaltnral Departmeot, between which and this lu- 
fititntion the retationa mentioaed in the hist report have been maio- 
taiDed through the past year. To eave postage, the blank forms 
bare been sent oat and the registers returned through the frank of 
the office of the Commissioner of Agricoltare. The monthly balletin 
above referred to, which is printed at the expense of the same de- 
partment, continues to he receivod by the pnblic with moch favor ; 
and, by means of its extensive distribntion, presents the meteorolo- 
gical tables to s mncb lai^er circle of readers than is comprised in 
the list of onr observers, awakening, to a corresponding extent, an 
interest in the sabject of meteorology. This branch of science is 
receiving inoroased attention from year to year, and a larger number 
of individnats are devoting time and talent to efforts for unfolding 
the laws which control the formation and movement of vapor, winds, 
and change of temperature in all parts of the world. Aleteorolc^ 
has ceased to be a mere record of isolated facts. The special 
characteristic of modern efforts in this line consists in extended co- 
operation, and in determining the simultaneous condition of the 
atmosphere over extended regions of country. It is only by this 
' meaqs that the laws which govern the occurrence, motion, direction, 
and propagation of the distorbancea of the atmosphere can be ascer- 
tmned. By comparisons of this kind isolated observations of other- 
wise little value become important, and afford an ample field in the 
cultivation of which any person who will take the trouble to record 
the direction of the wind, the beginning and ending of rain, snow, 
hail, the time of blossoming of trees, appearance of birds, insects, 
&c, may render valuable service. ' 

The daily record of meteorological observations telegraphed to the 
Imperial Observatory at Paris, and published in a lithographed sheet, 
continues to increase in interest and importance under the active 
and enlightened superintendence of M. Le Terrier, director of the 
observatory. From being the medium simply for the circulation of 
telegraphic notices of the weather, it has become, in addition, a 
repository of valuable meteorological summaries, communications, 
criticisms, and announcements. Tho outline chart of Europe, with 
the curves of equal barometric pressure and direction of the wind at 
the different stations on the day of publication, and also a table of 
the estimated weather for the following day, continue to be inserted 
in every nnmber. The title of the publication is now ' ' International 
Bulletin of the Imperial Observatory of Paris." It occupies more than 
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twelve hundred folio pages yearly, at a subscription price of thirty'-eix 
francs. 

The iDstitntion has also received a similar meteorological' bolletia 
from tho Boyal Observatory at Palermo. Id the first namber of this, 
a plaa is proposed for diatribating aimnltaDOoiis meteorological obser- 
vations similar to that which was adopted previous to the war by the 
Smithsonian Institution, viz : that of furnishing the most important 
telegraphic stations with meteorological inetrumenta, and inbtmctiog 
the principal telegraphist, or one of his assistants, in the process of 
making observations. A thoroughly organized system of this kind 
over the whole United States, with a series of directions for predict- 
ing the weather at a given place from a knowledge of the condition 
of the atmosphere at distant points, would be of vast importance to 
the maritime and agricultural interests, particularly along tho Atlan- 
tic sea-board. It is hoped that as soon as order is restored and peace 
folly re-established throughout the southern portion of the United 
States, the system will be revived under still more favorable auspices. 

An important addition to the means at the command of the Insti- 
tution for this purpose has been furnished by the liberal action of 
the North American Telegraphic Association, in giving the free use 
of all its lines for the scientific objects of the Institution. The asso- 
ciation embraces the Western Union, the American, the Montreal, 
tiie Southwestern, and the Illinois and Mississippi Telegraph Com- 
panies, covering the entire United States and Canada, including the 
overland line to San Francisco, which, by its charter, is required to 
transmit without charge scientific despatches for the Institution. 
The telegraph companies on the Pacific coast have also liberally 
granted the same privileges. 

I am happy to state in this connexion that efforts have been made 
to revive and complete the meteorological observations which were 
collected by the Nav^ or National Observatory. The records from 
the log-books of the commercial and naval marine collected under 
the direction of the former superinteudent, though imperfectly, and 
in many cases erroneously interpreted, were valuable contributions 
to the materials from which the true theory of the general motious 
of the atmosphere are to be deduced. 

The lake system of meteorology is still kept up under the new 
superintendent, Col. Baynolds, though the Institution has not re- 
ceived the copies of the registers for the past year. 

The State Department has furnished the Institution with several 
meteorological contributions forwarded to it by consols in foreign 
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oonntries. Among them are obBerrations made at CooBtantitiople 
for the year ending September, 1863 ; daily telegraphic reports of 
the weather in Enrope, communicated to the Central Physical Ob- 
Bervatory at St. Peterehnrg, Raasia, for the year ending September, 
1864, translated and compiled by Mr. Edwin Phelps, United States 
coDBnl; meteorological review for the year 1864, from obsorratioDS 
at the Leprosy hospital of Lnngeguard in the city of Bergen, Norway, 
reduced by O. E. Drentzer, United States consul ; monthly tables 
for a part of the year 1864, from the consul at Turk's Island, West 
Indies. If all the American consuls in foreign countries would 
collect and send to the State Department local publications contain- 
ing meteorological tables, manyvalnable additions might be furnished. 

The Navy Department, as heretofore, has transmitted to the Insti- 
tution monthly reports kept at the naval hospitals at Chelsea, Xew 
Tork, and Philadelphia. 

A circular and a chart of stars prepared by the Connecticut 
Academy of Arts and Sciences was published by the Smithsonian Insti- 
tution, and distributed to its observers for the purpose of obtaining 
records of the meteors that might appear on the night of November 
13-14, 18C4, but the general cloudiness of the night prevented the 
attainment of any valuable results. 

The threo rooms in which the meteorological records were kept 
were destroyed by the fire' on the 24th of January, 1865. Owing to 
the great rapidity with which the fire progressed much valuable ma- 
terial was lost, but fortunately the larger portion of the contents of 
the rooms were saved. Among the articles lost were the principal 
instruments used at the Institution for meteorological observations, 
including tbe self-registering apparatns for recording the direction 
and velocity of the wind, constructed by Dr. Smallwood, of Montreal, 
and partially described in the Smithsonian reports for 1856 and 1860. 
It had been in operation since 1858. All the records kept by it were 
tost. As soon as a minute investigation can be made as to the miss- 
ing sheets of the general records, a list of deficiencies will be 
published, and it is hoped that a portion at least of these may be 
restored by copies of the duplicates retained by the observers. 

Iic^foratory. — During tbe past year the laboratory has been in 
charge of Dr. Charles M. Wetheritl. The experiments mentioned in 
the last report on materials for light-house illumination have been 
continued, and a series of examinations has been made of difierent 
substances submitted for that purpose by tbe government. The most 
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ezteaded eeries of experiments, however, bns been that whidi relates 
to the cooditioD of the air, and the mode of ventilatioD of the United 
States Capitol. Tbiasnbjectwas referred by Hi. TboauwU. Walter, 
the architect of the Capitol, to the Secretary of this InstitntioD. 
The plaD of the ioTeatigatioa having been dgtermined, the experi* 
ments have priocipallf been made by Dr. Wetherill. The resnlt of 
this inveatigatioD, it is believed, will oot only throw additional light 
on the poiata for which it was iostitDted, but also form aa ioteresting 
addition to the subject of veatilation. The work in the laboratory, 
also by Dr. Wetherill, comprised various researches upon subjects of 
chemical science. Of these, three, viz. : " On the natnre of the so- 
called ammonium amalgam;" "ODthecrystallizatioBof salphnr;" and 
"On the cryataUiae nature of glass," will he published shortly in one 
of the Bcientific journals of the country. The means for carrying on 
physical research at the Institntion have been materially diminished, 
on account of the destruction by fire of the very valuable collection 
of physical apparatus. Fortunately the conSagration did not extend 
to the laboratory, and consequently the chemical apparatus was pre- 
served. 

CoSediotu (if specimena (f ncUurcd laalory, (fie. — The work of making 
collections of specimens of natnrEtl history has been prosecuted as in 
previoaa years. A. very large collection of mammals, birds, eggs, 
Ac, made in the northern part of British America in 1863, princi- 
pally by the officers of the Hudson's Bay Company, has arrived at 
Fort Garry, and is expected soon to be received in Washington. 
Collections have also been received from Labrador, Puget's sound, 
and from varions parts of the United States, Central America, 
Mexico, and the West Indies, a detailed account of which is given in 
the annexed report of Professor Baird. Advantage has been taken 
of every exploring expedition which has been sent out by govern- 
ment, and in many cases of the assistance offered by officers of the 
army, particnlarly of the medical department, for adding new mate- 
rials or duplicate specimens to the collections. The great object, as 
has been frequently stated before, of this work, is to obtain the ma- 
terials for an extended knowledge of the natural history of this con- 
tinent, and to furnish illustrations of type specimens to museums, 
colleges, and other educational establishments. 

The whole number of specimens catal(^ed during the last twelva 
yeara is upwards of 100,000, and including duplicates, the wh*le 
number collected will amount to five times that amount. 
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The distribation of dupltcatee has been coDtinaed as rapidly as tbe 
ideotificatioD and labelling could be accompliehed. Id thia distrtba- 
tion r^ard has been bad to the relative geographical positioos of the 
establiafaments to which the fir^t sets of specimens have been sent aa 
well as to their importance as inflneDtial centres of higher education. 
According to the statement of Professor Baird, it will be seen that 
already npwards of 16,000 specimens have been distribated during 
the year, and efforts will be made during the season to increase this 
namber. The importance of this branch of operations depends more 
opon what the Institntion is enabled to distribute than on what it 
accamnlates for permanent preservation. 

Ifaaeum. — ^The type specimens of the mnsenm have been gradually 
increased during the past year, not only from the collectionB made 
by the Institution, but also from donations received from abroad, par- 
ticularly as regards rare birds, eggs, fossils, and animals. The Euro- 
peao specimens of ornithology were requested for the purpose of 
enabling Professor Baird by comparison to prosecute hie work on 
American birds. 

Previous to the fire the lai^e room partly occupied by the Stanley 
collection of Indian portraits had been fitted up with about two hun- 
dred feet of cases around the walls, to receive the ethnological speci- 
mens in possession of the Institution, While engaged in re-arranging 
the pictures above these cases, the workmen, with a view to their own 
comfort, unfortunately placed the pipe of a stove in a ventilating fine 
which opened ander the roof, and thns caused the conflagration which 
destroyed the npper part of the main building. Fprtnnately none 
of the ethnological articles had been placed in this room, and conse- 
quently these specimenx, with those of the museum and of the general 
collections, have been preserved. 

Exchanges. — The system of international literary and scientific ex- 
changes has been continued during the past year with unabated 
energy, and on tbo part of the Institution exclusively, several hnn- 
dred sets of its publications, each embracing 1,782 pages, have been 
sent to foreign institutions. 

According to the tabular statemant given by Professor Baird it ap- 
pears that, during the year 1864, there have been despatched to 
foreign countries 1,011 packages, each containing a number of articles, 
enclosed in sixty-three boxes, measuring 546 cubic feet and weighing 
28,500 pounds. The number of packages received in return for 
societies and individnals in this country was 2,482 (nearly twice aa 
many aa in 1863) exclusive of those for the Smithsonian, li1»^js^o|e 
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original research in the various branches of knowledge, and had doabt- 
lesB a proper appreciation of the good which might be effected by 
founding an institutioa especially adapted to advance tbia object. 
He accordingly intrusted hie property to the United States to found 
an establish me at " under the name of the SmUhsoTuan Institutton/or the 
increase and diffusion of kTiowledge among men." He evidently did not 
intend by theee precise terms to found a library or a mere museum 
for the diffusion of popular information to a limited community, but 
a cosmopolitan establishment, to increase the sum of human knowledge 
and to diffuse this to every part of the civilized world. No other 
interpretatioD of the will is either in accordance with the terms em- 
ployed or with the chnracter and habits of the founder. The m- 
creaae of human knowledge, by which we must understand additions 
to its sum, would be of bat little value without its diffusion, and to 
limit the latter to one city, or even to one country, would be an in- 
vidious restriction of the term men. These views, so evident to 
minds especially devoted to science, were not at once apparent toi 
those whose studies and porsuits had been chiefly confined to litera- 
tare or public affairs. The first scheme which was presented id re- 
gard to the character of the future institution proposed that it should 
assume the form of a university, but this idea was shown to be er- 
roneous by the Hon. J. Q. Adams, who pointed out the &ct that the 
object of a university was not to increase knowledge, but to diffuse 
that which already exists. The next proposition, which had many 
advocates, was that of a large library or museum; but these objects 
are in a measure local io their iofinence and tend, like the former, to 
promote rather the diffusion than the increase of. knowledge. . 

From this diversity of opinion as to the character of the proposed 
Institution, or from whatever other causes, the bequest was suffered 
to remain inoperative for eight years. It was not until 1846 that 
Congress passed the act of organization nuder which the Institution 
has since continued in operation. 

This act directs that provision be made for a library, museum, and 
gallery of art, in a suitable building of plain and durable materials, and 
after these and some other general indications of the views of the 
legislature, leaves it discretionary with the Board of Regents to 
ftdopt such further measures for promoting the common purpose us 
might seem, in their judgment, beet to comport with the terms of the 
donation. 

I may be permitted to state, without giving undue prominence to 
my own part in the organization, that immediately after the passage 
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of this act I was requested by one of the Regente to prepare a eketch 
of euch an institDtion as I deemed that of Smithson ought to be, with 
reference at ODce to the reqairementB of Gongrese, and the brief, 
thongh comprehensive, phrases of the will. After devoting careful 
attention to the expressions of the bequest, and being acquainted 
with the character of the founder, I conld not entertain the slightest 
donbt that it was the intention of the latter to estaMish a cosmopol- 
itan institution, which should be alike a monument of his own 
fervent love of science, an efficient instrumentality for promoting 
original researches and rendering a knowledge of their results 
accessible to inquiring minds in every part and age of the world. 
I accordingly advised the adoption of the plan set forth in the first 
section of the programme presented to the board in my report for 
1847,* a plau which is principally designed to increase knowledge 
by iQstltnting researches and assisting in various ways men of talents 
and acquireroentB to make original investigations in alt departments 
of scientific inquiry, as well as to diffuse the knowledge thas obtained 
by presenting, free of cost, to all the principal libraries and public 
iuetitntions of the world copies of a series of volumes containing the 
results of the investigations instituted. 

Previous to the presentation of these views, one of the Regents 
had reported in favor of making immediate provision for a library, a 
mosemri, a gallery of art, and other local objects, in connexion with 
a system of lectures to he delivered in different parts of the country; 
wfaile another Regent had presented an eloquent appeal in favor of a 
great library composed of books in alt languages and on all subject^ 
In reviewing these and other plane of organization which bad been 
previonsly advocated, it will scarcely be denied by an unprejudiced 
mind that, for the most.part, they were such as to exert a merely local 
infiuence, and which, if they embraced means for the diSiision of 
popular knowldge, neglected the first and essential condition of the 
bequest, viz. : the increase of knowledge — in other words, the advance- 
ment of science or the discovery and promulgation of now truths. 
On the other hand, the plao of organization presented in the first 
section of the report for I84T is that of a living, active, progressive 
system, limited in its operations only by the amount of the income; 
calculated to affect the condition of man wherever literature and sci- 
eDC«) are cultivated, whilo it tends in this country to give an impulse to 
original thought, which, amidst the strife of politics and the inordi- 
nate pursuit of wealth, is, of all things, most desirable. 
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These views, which have commaDded the approval of nnprojadiced 
and reSecting porsoDS generally, and especially of men of scieoce, to 
which class Smithson belonged, were fally shared from the fir«t by 
Professor Bacbe, General Totten, Gideon Hawley, esq., and fh whole 
or in part by other membors of the board, and I was elected the 
secretary or principal ezecntive officer, to develop and carry into 
practice, as I supposed, under the direction of the board, the plan I 
had suggested. 

The appointment was accepted with innch and not causeless solioi- 
tnde as to the result. I soon foand that although a number of the 
members of the board were in favor of the promotion of original 
resoarches, or of what has since, by way of discrimination, been 
called the active operations, neither a majority of the Regents nor 
perhaps the commnnily in general was prepared to favor a plan of 
organization which should exclude the material representation of the 
Institution in the form of an extensive architectural structure calcu- 
lated to arrest the eye and embellish the national capital. 

It was in vain tourge the fact that alarge and expensive building was 
not only annecessary to the realization of the purpose of Smithson, but 
that it would tend to defeat that object by absorbing the income, con- 
kroUing the future policy of the Institution, and confining its inflnenco 
priiicipally to a single locality; that it was not the estimated first cost 
of tbe edifice which should alone be considered, bat also the expense 
of keeping it in repair and the maintenance of tbe corps of aesiatants 
and employes which woald be required in an establishment of this 
bind; that the increase of the collections of a miscellaneous library and 
public mnsenm would, in time, require additional space; and that, 
fioally, all the revenue of the bequest would be absorbed in a statical 
establisbmevt, or in attempting to do that which can only be properly 
oocomplished, as in other countries, by means of the governmeot. 
Unfortunately the building committee had settled upon a design for 
the building in the Lombard style, and Congress had presented to tbe 
Tostitution tbe museum of the exploring expedition, then at the Patent 
f^ee, and directed that provision should be made on a liberal scale for 
its accommodation, neglecting, at the same time, to fill the blank in 
the act of organization, by which tbe cost of the building was to have 
been limited. It was this provision of the law which furnished a 
fulcrum for the inflncnce exerted by the citizens of Washington, and 
persons pecuniarily interested, directly or indirectly, in contracts or 
otherwise, in favor of the erection of the present*Btractiire. Tbxa 
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re-coforced, the fascination of ite architectural display as presented 
on paper proved too strong to be resisted. 

The adoption of this extensive and costly building was considered 
80 inauspicioua a beginning that I had resolved to resign the office of 
director, and mak^ uo further attempt to introduce tlie plan with a 
view to the success of which I htid accepted the position, when a 
temporary compromise was proposed by which the several plans 
might be brought to the test of experience, and an opportunity ap' 
parently given for any modifications which might be found advisable. 

In order to meet the large expenditure on the building, to provide 
for the support of the establishment necessarily connected with it, 
and to leave the greater part of the interest of the original bequest 
free to be applied to its more legitimate objects, it was resolved to 
create an extra fnnd, while gradually developing the plans of organi- 
zation, and for this purpose the following course was adopted-: 

1. The building to be erected in parts, and its difierent portions 
gradually broaght into reqnisition, its completion being thus delayed 
for a number of years, 

2. The sum appropriated to the building, furniture, and grounds, 
viz., 1250,000, being mainly the interest which had accrued previous 
to the organization, to be invested in United States treasary stock, 
bearing interest. 

3. The plan of organization to be gradually developed, and, instead 
of expending upon it from the first the whole interest of the original 
bequest, a part of this to be also invested in treasury bonds. 

4. The remainder of the income to be divided between the active 
operations on' the one hand and the library and museum on the other. 
The latter to be restricted principally to scientific books and to 
type specimens. , 

This compromise was adopted, and has been so successfully and 
steadily carried out financially, that at the commencement of the 
war, after paying for the building, accumulating a very valuable 
library, establishing and supporting a large museum, and carry- 
ing on all the active operations of the establishment, an extra fnnd 
had been created amounting to $140,000. In order to secure this 
from the contingencies* of any future expenditnre on bnildings or 
loss from hazardous investment, a petition was preferred to Con- 
gress to take it from the care of the Regents and deposit it with 
the original principal in the treasury of the United States, sub- 
ject to the same restriction, viz., that the interest alone could be 
expended. This petition not having been acted upon, the Regents 
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deemed it expedient to invest the money in anch State stoclu as were 
then considered most eligible, and accordingly there werejnvested 
in — 

Indiiina 5 per cent, stock $75,000 

Virginia " /' " 53,509 

Tennessee 6 " " " 12,000 

Georgia 6 " " " 500 

■Washington 6 " " " 100 

Amounting in all tp 141,100 

Thia scheme has afforded an ample opportunity to compare the 
relative advantages of the two principal plans of organization and to 
verify the predictions which were originally made in regard to the 
bnilding. Though but a portion of the income has been devoted to 
the active operations, they have produced results in the way of in- 
creasing and diffnsing knowledge abundantly sufficient to justify the 
anticipatioDs which were entertained in regard to them, and to con- 
vince the most skeptical of their primary importance. As to the 
building, it is now abundantly proved that a structure of ono-fifth of 
the cost would have been sufficient for the wants of the Institution, 
and that two grave errors were committed in the adoption of the pres. 
entone: first, the plan was but little adapted to thefuses to which the 
edifice was to be applied ; second, tbestyleof architecture required a 
far greater expenditure than the amount to which the cost of the 
building was limited. For the purpose of architectural effect the 
interior was very inconveniently divided; the buttresses, turrets, and 
towers, while they add very little to the accommodation of the build- 
ing, greatly increase's the cost. To have constructed the building 
in a Hubstantial and durable manner, in strict conformity with the 
Lombard st^le of architecture which was adopted, would have re- 
quired an expenditure of at least double the amount of the sum 
appropriated for the purpose. It was, therefore, necessary, in order 
that the exterior might bo constructed in freestone, that the interior 
should be finished in wood and stncco, and that thus recourse 
sh&uld be bad to the presentation of a falsehood to the eye in the 
very inauguration of an enterprise for the advancement of truth. 
The two wings and tho two connecting ranges were completed in 
this manner. Tho main bnilding, which is 200 feot long and 50 wide, 
I embellished with six towers, was also in process of completion, the 
framing of the interior having been finished, when the underpinning 
gave way and the whole of the woodwork fell to the ground. After 
the occurrence of this accident a commission of architects, appointed 
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to examiDo the baildiog, reported that the exterior walls were well 
bnitt, both in regard to coustructioD and materials, but that the plan 
offiDiahrDg tbe interior in wood and stucco was improper for an edifice 
intended to contain valnable articles; it was therefore recommended 
that Gre>proof materials should be employed for tbe portions of the 
work which remained to be constructed. In conformity with this 
recommendation the interior of the main building was completed in 
iron, stone, and brick, with the exception of tbe roof, which, being 
covered with slate and not supposed to be exposed to danger from 
fire, was suffered to remain. It was this change, in tbe mode of con- 
gtmcting a portion of the edifice, which, daring the late fire, saved 
tbe contents of the whole from destruction. It, however, increased 
the coat of the building to upwards of $300,000, leaving the remain- 
ing parts of the interior of the strnctare in perishable materials. 

It was hoped that, through the adoption of the compromise propo- 
sitions, the importance of the active operations would speedily 
become apparent, and that the plan' of erecting an expensive 
building would be abandoned before more than one of tbe wings 
had been completed; but, though the construction of the edifice 
was, in accordance with the agreement, extended over a number of 
years, yet in anticipation of snch an interference with its ultimate 
completion, so large a portion of tbe lower atory of the whole struc- 
ture was commenced in the first two years that it was apparent no 
successful opposition could be made to its further progress. Nor 
can Congress he absolved of the charge of having indirectly con- 
tributed to encumber tbe bequest with the cost and maintenance of 
so extensive a building and ao numerous a retinue : with more 
justice, therefore, may it be invoked to relieve the Institution, ia 
due time, from the burden imposed upon it. It should, however, be 
remembered, on the other hand, that by repeated enactments Con- 
gress has sanctioned the prominence which has been given to the 
active operations, and acquiesced in the adoption of the special 
character which baa been impressed on the library and museum. It 
has relieved the Institution from tbe care of the grounds, also of 
the copyright books which were intended to swell the number of 
volumes, and, so far from still considering the museum of the ex- 
ploring expedition a desirable gift, it baa granted for several years 
past four thousand dollars annually to assist in bearing the expenses 
of preserving and exhibiting the specimens. i 

It ia to be regretted that Congress directed that provision should be 
made on a large %cale for a library and museum, since each tends to 
cripple the other, and tbe whole to diminish the efficiency of the active 
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operatioDS. A cooscientions eodeavor, 'liowever, has been made to 
barmoDize the whole scheme, by establiehing a special library, con- 
ststiog of the trausactioas of learaed societies aod systematic works on 
all branches of science, tt^ether with a limited mnaeam of type speci- 
meos, principally of the products of the American continent. And, 
on the whole, it may be pronounced that, notwithstanding the ioans- 
picioos circomBtances wbicb attended the commeDcement of the In- 
stitation, as before stated, and the difBcaltiee with wbicb it has had 
to contend from time to time, the results it has produced have beeo 
each as to commend it to the pablic generally throughout our own 
country, and to make it favorably known to the cultivators of science 
wherever found. It has identified itself with the history of almost 
every branch of knowledge which receives attention at the present 
day, and its transactions and proceedings are constantly referred to 
as authoritative on all subjects to which they pertain. With no desire 
to exaggerate its importance or advantages, the fuct may be satisfac- 
torily cited that the recognition of its services in behalf of science 
exists in the contemporary works of all languages, that its poblidttions 
are found wherever letters are cultivated, and its specimens in all 
the principal museums of the world. If it was the desire of the 
founder to perpetuate the memory of bis liberality, that desire has 
been thus fully gratified; nor is the memorial of bis enlightened and 
comprehensive benevolence limited as to place or time, since it is 
everywhere renewed with the yearly dissemination of the publica- 
tions which bear his name. 

The following brief sketch of the labors of the Institution up to the 
present time will not only serve to show what it lias done, but also 
to illustrate the capability of the plan of active operations for pro- 
ducing important results in the way of increasing and diffusing know- 
ledge among men. 

ACTIVE OPEBATIONS. , 

PtibluxUiona, — The Smithsonian Institution has estabUsbod three 
classes of publications, in which are contained the articles hereafter 
to be mentioned. These are as follows: 

1, A quarto series, entitled "Smithsonian Contributions to Know- 
ledge," issued in volumes, each embracing one or more separate 
articles. Of these the foarteentb is nearly through the press. 

2. An octavo series, entitled " Smithsonian Miscellaneous Collec- 
tions," which in the aggregate make six large volumes. 
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3. Another octavo eeriee, conaiBtiDg of the aQonal reports of the 
InstitotioD to Coagress, called " SmithsoDiaii Reports," of which 
eteveD volumes have beeo published. 

The Smithsonian Contribatioos to Knowledge include memoirB em- 
bracing the records of extended original investigations and researches 
resalting in what are believed to be new truths, and constituting 
poutive additions to the sum of human knowledge. 

The series of Smithsonian Miscellaneons Collections contains reports 
on the present state of our knowledge of particular branches of 
science ; instractions for collecting and digesting facts and materials 
for research ; lists and synopses of species of the organic ;iDd inor- 
ganic world ; museum catalogues ; reports of explorations ; aids to 
bibliographical investigations, &c. ; generallj prepared at the express 
request of the Institution, and at its expense. 

The Annual Reports include the official reports of the Secretary to 
the Board of Regents of the operations and condition of the Institu- 
tion ; the reports of committees of the board ; abstracts of lectures 
delivered before the Institution; extracts from correspondence; origi- 
nal or translated articles relating to the history and progress of 
science, &c. 

The following rules have been observed in the distribation of the 
&rst and second series : 

1. They are presented to all learned societies of the first class 
which publish transactions, and give copies of these, in exchange, 
to the Institution. 

2. To all foreign Jibraries of the first class, provided they give ia 
exchaoge their catalogues and other publications, or an equivalent, 
from their duplicate volumes. 

2. To all the colleges in actual operation in this country, provided 
they furnish, in return, meteorological obeervations, catali^ues of 
their libraries and of their stadents, and all other publications issued 
by them relative to their organiisation and history. 

4. To all States and Territories, provided they give, in return, 
copies of all documents published under their authority. 

5. To all incorporated public libraries in this country, not included 
in any of the foregoing classes, now containing 10,000 volumes; and 
to smaller libraries, where a whole State or large district would be 
otherwise unsupplied. 

Institutions devoted exclusively to the promotion of particular 
branches of knowledge receive such articles published by the Insti- 
tution aa relate to their objects. Portions of the series are also givea 
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to JDBtitDtioDa of leeser grade not entiUed, under the above mies, to 
the fall aeriea, and also to the meteorclogical correspondenta of tlie 
Institution. 
The reports are of n more popular character, and are presented — 

1 . To all the meteorological observers and other collaborators of the 
InstitntioD. 

2. To donors to its library or museam. 

3. To colleges and other edncational eatabliBhrnents. 

4. To public libraries and literary and scientific societies. 

5. To teachflTs or individnals who are engaged in special stndiee, 
and who make direct application for them. 

Besides tbe works which have been published entirely at the ex- 
pense of the Institution, aid has been famished by subscription for 
copies to be distributed to foreign libraries of a number of works 
which fall within the class adopted by the programme. The princi- 
pal'works of this kind for which subscriptions have been made are as 
follows ; Agassiz's Contribntions to Natural History, Gould's Astro- 
nomical Journal, Shea's American Linguistics, Runkle's Uatbematical 
Monthly, Deane's Fossil Footprints, Tuomey & Holmes's Fossils of 
South Carolina, Peirce's Analytic Mechanics. 

Mdeorology. — Tbe investigation of all questions relative to Aeteor- 
ology has been an object to which the Institution has devoted special at- 
tention, and one of its first eflbrts was to organize a voluntary system of 
observation, which should extend as widely as possible over the whole 
of the North American continent. It induced a skilful artisan, under 
its direction, to commence the manufacture of carefully prepared and 
accurately graduated instruments, now generally known as the Smith- 
sonian standards. It prepared and furnished a series of instructions 
for the use of the instruments and the observations of meteorological 
phenomena ; also three series of blank forms as registers. 

It next organized a body of intelligent observers, and in a compar- 
atively short time brought the system into practical opertition ; each 
year the number of observers increased, and where ono ceased his 
connexion with the ent-erpriae, several came forward to supply his 
place. By an arrangement with the Sui'geon General of the army, 
the system of observations at tbe United States military posts in dif- 
ferent parts of the country, and also that which had previously been 
established by the State of New York, were remodelled so as to har- 
monize with that of the Institution. Gentlemen interested in science, 
residing in the British provinces, and at nearly all the posts of the Hud- 
son's Bay Company, also in Mexico, Central America, the West Id- 
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dicB, aitdEome places id South America, &o,, joined in the enterprise; 
and, with few exceptious, at the beginDing of the war every dis- 
trict of considerable size had in it at least one if not more obaerrers. 
All these contribate their services withont compensation, their only 
reward being the satisfaction of co-operating with each other and 
the Institntion in the effort to snpply data and materials for investi- 
gation. Any returns, indeed, which the Institntion has in its power 
to make are gladly rendered in a hearty acknowledgment of aesist- 
aoce, and in copies of all the Smithsonian publications likely to be 
of interest. 

Besides the materials obtained directly from the observers of the 
Inatitution, a large amount of other matter relative to the meteor- 
ology of North America has been accumulated — such as copies of all 
the known series of records for long periods which could be obtained; ' 
series which have been compiled during explorations and surveys for 
the government, those which have been the result of local assotia- 
tions, and of the system of observations established in connexion with 
the survey of the great lakes, as well as of the common school system 
of Canada, and many thousand notices of the weather at different 
times and places, collected from newspapers and periodicals. 

No other part of the world has offered such facilities for the col- 
lection of meteorological data, the system extending over so large 
a portion of the cartel's surface; the observers, with few exceptions, 
all speaking the same language, and many of them being furnished 
with full seta of compared standard instruments. 

It is to be regretted that this system "has been partially interrupted 
during the war, and that the portion of the income of the SmithsoniaD 
fund, which conld be devoted to the reduction and discdseion of the 
material collected, has not beeni adequate to the labor of deducing 
from BO large a body of data all the valuable truths which they are 
capable of affording. It has had assistance, however, from the agri- 
cultural de[^rtment of the Patent OfBce, by which the results of five 
years' observations of all the elements and a series of temperatures 
for long periods have been prepared for publication. 

From all the observations made up to 1860, isothermal charts were 
constructed, presenting much more accurately than had ever been 
done before, the distribution of temperature over the continent of 
North America; a series of rain charts, and also a large map exhibit- 
ing the regions of original forest, of arable prairie and of desert in 
the United States, have also been prepared. 

The Institution basfnlly establiebed the fact, which was previously 
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indicated in regard to storms, by the investigations of Mr. Espy nnd 
others, in relation to the Dnited States, namely, that all such meteoro- 
logical phenomena, ae variations in the pressure of the atmosphere, 
sudden changes of temperature, either of nijusually warm or cold 
weather, thunder-storms, tornadoes, as well as storms of wind, rain, 
Ac, which occur within the temperate zones, travel from west to east. 
The simultaneous system of observations established by the Institu- 
tion furnished the means of placing this great law of meteorology iii 
prominent relief, and of first reducing it to practical utility . 

As early as 1849 the Institution organized a system of telegraphic 
despatches, by which information was received at Washington of the 
condition of the weather at distant places in the southwest and north- 
west, and from this, in accordance with the law before mentioned, 
' it was often enabled to predict, sometimes a day or two in advance, 
the approach of any larger disturbances of the atmosphere. Subse- 
quently the telegraphic despatches were daily exhibited at the 
Institution on a map of the United States by means of a series of 
movable cards of different colors, which indicated the meteorological 
condition at various points, showing at a glance in what parts of the 
coontry it might be clear or cloudy, raining or snowing; and by 
arrows the existing direction of the wind. The returns were also 
pablished in one of the evening papers. Unfortunately this enter- 
prise was interrupted by the cessation of the' observations in Iho 
aonttiwest, and by the constant nse of the telegraph for tlie purposes 
of the government. 

The advantages possessed by the Smithsonian Institution for inves- 
tigations of this kind will be evident, when it is recollected that a 
large portion' of its observers are stationed west of Washington, that 
the phenomena approach it over a'large extent of land, and can be 
critically noted through every part of their passage eastward, while 
the phenomena which are presented to the meteorologists of Europe 
traverse in reaching them a wide expanse of ocean, from which only 
casual observations can be gleaned. 

The publications of the Institution contain many memoirs which 
have tended to advance the science of meteorology. Among these 
may be mentioned the meteorological and physical tables prepared 
at the expense of the Institution by Professor fluyot, and filling a 
large octavo volume of the Miscellaneous Collections. No work extant 
answers the same purpose with the one referred to, which has hence 
become a general standard of reference, the constant demand for it 
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iB well in Europe as America baviog re(]utred the printing of several 
BDCcessive editioas. 

The resnlts of the reductions for five years previous to 1860 have 
been published in two volumes of nearly 2,000 qnarto pages, con- 
taimng a ma&sof materials of great value in determiuing the average 
temperature, fall of rain, barometrical pressure, moistnre, direction 
cf the wind, and time of various periodical phenomena relative to 
plants, animoln, &c. 

In addition to these large and important volumes, other works 
have been published by the Institution which have had a marked 
influence on the progress of meteorology. Among these may be 
mentioned the works of Profoesor Coffin, on the winds of the northern 
hemisphere ; of Mr. Cbappelsmith, on a tornado in Illinois j of Professor 
Loomis, on a great storm which pervaded both America and Europe; 
the reduced observations for twenty-eight years of Professor Caswell, 
at Providence, Rhode Island; of Dr. Smith, for twenty years in 
Arkansas; of Dr. Kane and Captain McGUntock, in the arctic seas; 
on the heat and light of the sun at different points, by Mr. Meech; 
on the secular period of the autora, by Professor Olmsted; the 
occnrreuce of auroras in the arctic regions, by Mr. P. Force, Ac. 

Besides these, a series of meteorological essays embodying many of 
the results obtained from the investigations at the Institution has 
been prepared by the Secretary, and been published in the agricul- 
tural reports of the Patent Office. 

AatroTiomt/. — The Institution has advanced the science of astronomy 
both by its publications and the assistAuce rendered to observers. 
To facilitate astronomical observations, it prepared and published for 
six years an annual list of occnltations of the principal stars by the 
moon, and printed and distributes a series of tables for determining 
the perturbations of the planetary motions, the object of which de- 
termination is to facilitate the calculation of the places of the heavenly 
bodies. These tables have accomplished the desired end, saving to 
the practical astronomer an immense amount of tedious and monoto- 
nona labor. 

The name of the Institution has been favorably connected with the 
history of the interesting discovery of the planet Neptune. From a 
few of the first observations which had been made on this planet Mr. 
Sears C. Walter calculated its approximate orbit, and by this means 
tracing its path through its whole revolution of 166 years he was en- 
abled to carry it backward until it fell among a cluster of stars, ac< 
■cnrately mapped by Lalande, towards the close of the last century. 
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After rainnte inspectLon lie was led to conclude that one of the etara 
which hod beeo observed by Lalande id 1795 was the planet Nep- 
tune. He was thus supplied with the amoant of its motion for up- 
wards of fifty years, from which he deduced a much more perfect 
orbit, and was enabled to construct an cpbemeris giving the place of 
the planet for several years in succession. These investigations, so 
interesting to astronomy and honorable to this country, were prose- 
cuted and published at the expense of the Institution, the name of 
which wilt be further connected with the planet Xeptnue by the pub- 
lication, now in press, of a new discussion of all the observations which 
have been made on this body for the last fifteen years. This work, 
which is by Professor Newcomb, of the United States navy, will 
furnish not only the meaus of determining the exact position of Nep- 
tune for years to come, but also the data for ascertaining whether it 
is affected by other bodies than those now known to astronomers. 

To render more generally accessible to practical astronomers in 
this country the theory of the motion of the heavenly bodies hy the 
celebrated Gauss, the Institution shared the expense of publishing a 
traoslation of this treatise by Admiral G. H. Davis, U. S. N., from 
the Latin. It furnishes a complete system of formulas for compntiag; 
the movements of a body in any of the curves belonging to the class 
of conic sections, and a general method of determining the orbit of s 
planet or a comet from three observations, as seen from the earth. 

For a number of years aid was afforded to the publication of Oonld' b 
American Astronomical Journaf, which rendered good service to the 
science by making promptly known to foreign observers the results of 
the labors of their conlemporariea in America. It has aJso had re- 
duced by Mr. Gharles A. Schott, and published at its own expense^ 
the astronomical observations made by Dr. Kane in the arctic regions, 
and has now in hand those which were made in the same regions by 
Dr. Hayes. 

Congress having authorized in 1849 an astronomical expedition 
under Lieutenant Gilliss to the southern hemisphere for the purpose 
of determining the parallax of the planets, and consequently their 
distance from the sun, by observations on Venae and Hare, accidaDt- 
ally failed to make the appropriation for instruments. This omission 
was supplied by the Institution, which was subsequently indemnified 
for the expense by the Chiliao government. 

In the observation of oU the larger solar eclipses which have hap- 
pened since the date of its organization the Inatitntioo has actively 
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and efficiently co-operated by pnbliehing projections of the phases and 
times of thdir occurrence in different parts of America. 

Under ita anspices, and partly at its expense, an espedition was 
iDangorated by Lieutenant QilHss to observe the great eclipse of 1858 
in Peru, from which data of valae for the improToment of solar and 
Innar tables were determined, besides facts of interest in regard to 
the physical constitution of the sun. 

Assistance was also rendered to the expeditions under the direction 
of the Coast Survey to observe the eclipse of July 18, 1860, one of 
which was sent to liabrador, uoder the charge of Professor B. Alex- 
ander, of New Jersey, and the other to Washington Territory, under 
that of Lieutenant Gillies. 

To these may be added an account of an instrnment invented by 
Rev. T. Hill, president of Harvard College, for the projection of 
eclipses. 

Phyaios and chemistry. — The Institution has fostered these sciences 
in many dififerent ways; among others, by importing models of the 
most improved articles of apparatus, and making them known U> 
scientific men through lectnrea and otherwise. 

It has instituted an extensive series of experiments on bnilding 
materials, particularly in reference to those emplo)'ed by the gov- 
ernment in the construction of the Capitol and other public edifices; 
also a like series on acoustics, as applied to public balls, and the prin- 
ciples deduced from these were practically applied in the construction 
^ a model lecture-room. It has made a very extended series of ex- 
periments on different substances employed for light-bouse illumina- 
tion, from which lias resulted the substitution of auothet- material for 
Bperm oil, and the consequent annual saving of a large amount of 
money to the government. 

In compliance with requests made by different departments of the 
government and of Congress, particularly since the war, it has con- 
docted various series of investigations, principally in relation to ques- 
tioDS involving mechanical, chemical, and physical principles, and has 
made reports on subjects of this kind amoanting, in the aggregate, 
to several hundred. 

To facilitate researches, a laboratory has been established and kept, 
oonstantly in working condition, the privilege of using it having been 
given to various competent persons for experimentiog in different 
braDcbes of physical science. Just now it is occupied by Dr. Weth- 
erill for the purpose of conducting a series of analyses of samples oC 
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air from the halls of GoDgrees, Ac, from which a report is to be 
made, nnder the direction of the Institution, on the ventilation of the 
pablic buildings of this city. 

The most important pablicatione nnder this head are the researches 
relative to electric currents, by Professor Secchi; on the cxplosibility 
of nitre, by Dr. Hare; on the ammonia-cobalt bases, by Drs. Gibbs 
and Qenth; and on astronomical photography, by Dr. Henry Draper. 

A valuable report on recent improvements in the chemical arts by 
Booth A Morfitwas poblisbed in 1852, and there have been given in the 
annual reports of the Institution a series of translations and articles 
presenting a view of the progress of physics and chemistry from 
year to year, since 1853, among which we may particalarly notice 
the translation of MuUer on recent contributions to electricity, and 
the reprint of Powell on Radiant Heat. 

Terreatrial magnetism. — The subject of terrestrial magnetism has 
been prosecuted siqmltaneously with that of meteorology, and an 
observatory was erected in the Smithsonian grounds, fitted up with 
the most approved instruments, and conducted under the joint 
auspices of the Institution and of the Coast Survey. After remain- 
ing in operation for several years, the instruments were transferred 
to Key West, as a remote station where observations were still more 
desirable. Instruments were also furnished an expedition to Mexico, 
and used with much success by Mr. Sonntag, whose resnlta were 
published in the Smithsonian Contributions to Knowledge. Appa- 
ratus was also furnished to Dr. Kane, Dr. Hayes, and other explorers, 
by means of which valuable results were obtained. 

Of the more important publications of the Institution, which have 
tended to advance this science, may be mentioned the articles by 
Dr. Locke, on the dip and intensity ; the elaborate diecussion, by 
Professor Bache, of the magnetic observations made at Girard College 
from 1841 to 1845 ; the report on magnetical observations iti the 
arctic seas by Dr. Kane, reduced at the expense of tho Institution 
by Mr. C. A. Schott, and those made in Pennsylvania and adjacent 
States by Professor Bache, and in Mexico by Mr. Sonatag. 

Bh^rationa. — In the deficiency of means for more extended oper- 
ations, as has bocu frequently represented in the annual reports, the 
elTorts of the Institution in the line of explorations and collections are 
confined, as strictly as possible, to America ; but within this limit 
there are few regions which have not furnished scope, in some form, 
to its activity. Arctic America, all the unknown portions of the 



KEPOET OF THE SECRETARY. 49 

United States, Mexico, Central and South America, and the West 
Indies, have been laid uoder coDtribution for facts and matoriala by 
which to advance scionco. 

Ad emineQtly useful influence has been exerted by the lustitutlorp 
through the aid it has afforded in the organization of the different- 
government explorations by land and by sea. Whether by otEcial 
representations to the heads of departments, or personal intlnetice" 
with officers and employes, it has secured the engagement of indi- 
viduals competent to collect facts and specimens ; it has inHtrncted 
persons thus engaged, and others, in the details of observation ; it 
has superintended the preparation, and, in some ci\ses, borne the ex- 
pense of the necessary oatGts ; has furnished fresh supplies from time 
to time to the collectors while in the field ; received the collections 
made, and preserved them for future study, or at once consigned 
them to the bands of competent persons, both at home and abroad, 
for investigation; directing the execution of the necessary drawings 
and engravings for the reports, and, finally, supermtending the print- 
ing and even the distribntion of any available copies of the completed 
works to institutions of science. Prior to the establishment of the 
Institution but little had been done by our government in the way of 
Ecieotific explorations,, with the exception of that under Captain 
Wilkes. But since then nearly every United States expedition, 
whether a survey for a Pacific railroad route, a boundary line between 
ibe United States and regions north or sonth of it, or within its 
'borders, a wagon-road across the Rocky mountains, or an ordinary 
topographical exploration, has been influenced and aided more or 
less, as above stated. A list of the expeditions has been, from time 
to time, pabltsfaed in the annual reports, and it is sufficient here to 
Bay that their total number op to the present time is about fifty. 

Besides these, similar explorations have been carried on without 
any reference to the government, and either entirely or in a great 
measure at the expense of the Institution, and always at its sugges- 
tion, or aader its direction. Prominent among these may be men- 
tioned tbe three years' researches in the arctic regions, by Mr. Kcn~ 
nicott, with tbe co-operation of gentlemen of the Hndsou's Bay Com- 
pany ; of Mr. Drexler, in tbe region of Hudson's bay, and also in tho 
Rocky mountains ; of Mr. Coues, in Labrador ; of Lieutenant Feilner, 
in Nebraska and Northern California ; of Mr. John Xantus, at Fort 
Tejon, Cape St. Lucas, and in Western Mexico ; of Lieutenant Trow- 
bridge, on the coast of California; of Drs. Cooper and Suckley, ia 
Western America generally ; of Drs. Coues and Beers, in Kansas^ 
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New Mexico, and Arizona ; of Dr. Irwin, in Arizona ; of Dr. Hits, 
-about Laramie Peak j of LieuteQant Couch, in Texas and Mexico ; of 
Q. Wurdemann, Lieutenant Wright, Captain Woodbary, and others, 
in Florida and the Gulf of Mexico ; of Dr. Sartorius, Professor Sumi- 
chrast. Dr. Berendt, in Mexico; Dr. Von Frantz, J. Carniol, in 
Coeta Eica; of Mr. March, in Jamaica; of Mr. Wright, Dr. Gund- 
lach, Professor Pooy, in Cuba ; Judge Carter, in Bolivia, besides 
anany others. 

In addition to the collections which have been received from ex- 
})lorations organized under the direction of tho Institution, large 
numbers of duplicate specimens have been presented by the meteor- 
ological observers and other Smithsonian collaborators, the .whole 
forming a body of material for the illustration and study of the pro- 
ducts of the American continent unequalled by any collection pre- 
viously made. The explorations, however, as might be inferred, 
have not been confined to the collecting of specimens, but have also 
furnished information relative to the topography, geology, physical 
geography, ethnology, and the living fauna of the regions visited. 

Tho results have been published by government, the Institution, 
or other parties. The extent and importance of these publications 
may be seen in the volumes of the reports of the Pacific railroad and 
Mexican boundary surveys ; of the United States astronomical expe- 
dition to Chili, under the late lamented Captain Gilliss ; of Captain 
Stansbury'a exploration of Utah; of Lieutenant Michler'a of the 
Isthmus of Durien, &c., &c. ; in the volumes of the Smithsonian pub- 
lications, and in the transactions of nearly all the scientific institu- 
tions in tho United States. 

Id order to facilitate the operations of collectors, a series of gene- 
ral directions have been prepared and widely distributed, free of 
charge, for collecting, preserving, and transporting specimens of 
natural history, and also special instructions for collecting ueats, eggs, 
£liells, in.sects, &o. 

Detcn'ption and distribution of collectioTis and specimens. — The object 
•of making these collections, in conformity with the policy of the In- 
stitution, was not merely to supply a largo museum in Washington 
with permanent specimens or duplicates for exchange, but to furnish 
the naturalists of the world with the materials for advancing the 
science of the natural history of North America, and of facilitating 
the study of itsvarions branches by supplying museums both in the 
United States and in Europe with sets of type specimens. 
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In pursnaoce of tliis object, fall sets of the specimens collected 
have been eubmitted to a large number of naturalists, both iq this 
country and abroad, for critical study and description, and it is not 
too much to say that scarcely a monographic investigation has been 
conducted for ten years past in any branch of American zoology which 
has not derived part or the whole of its material from the Smithsonian 
collections. Duplicates of the specimens, when described, have been 
made up into eeriea for distribution, always accurately labelled, and 
are osnally types of 8(yne published investigation. The average of 
such distribution has, for the last ten years, been at least ten thousand 
specimens annually, while the distribution of ISG4 amounted to nearly 
five thousand species and seventeen thousand specimens. In this 
way, besides supplying the principal museums of Europe with speci- 
mens, all the older mnseums in this country as well as Canada have 
been largely increased, and the foundation for several new establish- 
ments of a similar kind has been furnished. As an illustration of 
what has been done in the way last mentioned, i may cite the large 
donation of labelled specimens which has been made to the museum 
of the l7nivQrsit,y of Michigan, and the co-operation which has been 
afforded the liberal-minded citizens of Chicago in founding a museam 
and establishing a society of natural history, which, under the direc- 
tion of Mr. Eennicott and Dr. Stimpson, is diffusing a taste for the 
study of nature in that city of unparalleled growth, .wliich cannot be 
otherwise than highly salutary in ameliorating the sensual effects of 
great material prosperity. , 

The Institution has also done good service in promoting and assist- 
ing the formation of local societies in rural districts for the collection 
of specimens and the recording of natural phenomena. To all socie- 
ties of this kind, as well as to colleges and academies making special 
application, labelled specimens have been presented. 

This distribution of specimens is very different from the ordinary 
exchanges conducted between institutions or individuals, which usually 
involve the return of an equivalent. The question with the Smith- 
sonian Institution is, not what can be had in return, but where a par- 
ticular specimen or series of specimens can be placed so as best to 
advance the cause of science, by being moat accessible to the largest 
number of students engaged in original investigations. 

PalceontcHogy, geology, phyfiicdl geography, dec. — Appropriations have 
been made for investigations of the surface formation of the Con- 
necticut valley by Professor E. Hitchcock, and for the collection of 
materials for the illnatration of the geology and palaeontology of part ^ 
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ticalftr regions. Appropriation has also been made to FrofesBor 
Gnyot for a barometrical survej of the difieroDt parts of the Al- 
leghany mountaioB, and to other persons for collecting observations 
ou heights, as determined in different parte of the country by the 
varioQS canal and railway surveys. 

The publications on these subjects, besides the papers of Professor 
Hitchcock on sorface geology, are as follows: 

A memoir ou MoBciaaurus, by Dr. R. W. Gibbs. 

On the extinct species of the fossil ox and sloth of North America, 
and on the ancient Fauna of Nebraska, by Dr. Leidy. 

On the Physical Geography of the Uississippi Valley, by Charles 
Ellet. 

On the Law of Deposit of Flood Tide, by Admiral Davis. 

On the Fluctuations of the level of the great American Lakes, by 
C. Whittlesey. ' 

On the Paleontology of the Upper Missouri, and Check List of 
mioceoe, cretaceous and Jurassic Inyertebrata, by F. B. Meek. 

A memoir by Dr. Leidy, now in press, on the extiuct reptiles of 
the cretaceous period, will, it is believed, be a valuable manual ol 
reference. 

The Institution has published a Check List of minerals, with their 
symbols, prepared by Mr. Ggleston, with special reference to facili- 
tating the labelling of the Smithsonian minerals and the exchange of 
specimens, and it may be mentioned that extensive distribution has 
be^ made of specimens of building utono employed by the govern- 
ment. 

Botany. — This branch of general natnral history has been advanced 
by the Institution, not only by means of the publication of original 
memoirs, but also by explorations and collections made at the expense 
of tho Smithsonian fund. The most important work which has 
been published ia a large quarto volume, illustrated by expensive 
colored plates, on the algae of tbo entire North American waters. 
The work was written for the Institution by Dr. Harvey, of tho 
University of Dublin, and has been the means of rendering this 
order of the vegetable kingdom more generally known. The Insti- 
tution has also published several papers on the plants of New Mexico 
and California, by Dr. Gray, of Cambridge, and Dr. Torrey, of New 
York. 

Duplicates of the specimens described have been presented to in- 
atilutione at h'>me and abroad. Considerable labor has also been ex- 
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pended io the preparation of an original report on the forest trees of 
America, by Dr. Gray. This work, however, has been interrupted 
for Bome time, but will be resumed, it ia expected, during tho present 
year. 

General Zoology. — A large part of the coUectioas made by the In- 
stitution belong to the general class of zoology, intended to advance 
the study of animal life upon the continent of America. 

The ornithology of America has ahvays been a speciality of the 
Smithsonian Institution, more efforts having been made to perfect its 
collection in.this department than any other. The Institution has pub- 
lished the first part of a work by Dr. T. M. Brewer, suitably illus- 
trated, on the distribution and babitsof North American birds during 
the breeding season, with descriptions and figures of their eggs, the 
materials being derived entirely from the, collections of the Institution, 
aud mostly made at its special request. This is the first separate 
work on North American zoology ever prepared. A catalogue of 
North American birds, prepared ty Professor S. F. Baird, has been 
extensively nsed at home and abroad in labelling collections. 

Professor Baird is now engaged in preparing a general report 
on our knowledge of North American ornithology to the prea&ot 
date, with the addition of the species of Central and South America 
and the West Indies; the materials being derived almost entirely 
from the specimona collected by the Institution, which have been in- 
creased since the publication of the extensive work on the same sub- 
ject by Professor Baird in the Pacific railroad report, from 12,000 to 
35,000. 

The collections which have been made by the Institution for the 
illustration of mammalia have been very extensive, amounting to 
6,000 specimens, and bav© not only included many duplicates of the 
species previously known, but a very large number entirely new to 
science. A catalogue of North American mammals, chiefiy those 
collected by the Institution, prepared by Professor Baird, has been ■ 
published and distributed to those interested in the study ; also a 
monograph of North American bats, prepared by Dr. H, Allen. 
Materials are now in course of accumulation to complete tho account 
of tho classes of mammals of North America which have not been in- 
cluded ih tho publications of the Institution and Pacific railroad 
reports. 

As with all American vortebrata, the collections of reptiles and 
fishes made by the Institution have been very extensive, and numer- 
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oas monographB or articles have been published relative to them ia 
the Pacific railroad reports and the proceedings of different nataral 
hiatory societies, the Institution having published a synopsis of the 
sefpeots of North America, and a monograph of the Cottoids. 

The Institution has materially aided the study of the entomology 
of this country, not only by the collections in that branch, but by 
preparing and publishing a series of works for the purpose of ex- 
hibiting the state of knowledge on the subject and facilitating its 
further advancement. It has published and distributed the follow- 
ing nnder this bead : . 

Instructions for collecting and preserving insects, and catalogues, 
synopses, or monographs of the Diptera, Colcoptera, Lepidoptera, 
and Neuropt«ra, prepared by the most competent authorities in Eu- 
rope and America. 

It has also in coarse of preparation works relative to the Hymen- 
optera, Homoptera, Hemiptera, Orthoptera, &c. 

In the preparation of these publications the Institution is indebted 
for gratuitous assistance to Dr. Jno. Leconte, Baron Osten Sacken, 
and others. 

Ootichology. — A large collection of specimens of shells was received 
from the United States exploring expedition, which has been much 
increased by subsequent additions. All the shells of the west coast 
of the United States, and those generally collected by the exploring 
expedition, have been put into the bands of Mr. P. P. Carpenter, of 
England, the new ones to be described for publication, and the dupli- 
cates of the whole to be arranged for distribution to museums, col- 
leges, and other establishments. This work is nearly completed, 
and a large number of partial sets of the shells have been distributed 
in accordance with the plan just mentioned. The publications on 
this subject are lists of North American shells, circulars relative to 
collecting, an elementary introduction to the study of conchology, 
and an extensive work in two octavo volumes on the Bibliography 
of North American Conchology, by W. G. Binney, and a monc^raph 
of the Corbiculadse, by Temple Prime. Besides these a number of 
articles are in the press or in course of preparation. 

Microscopy. — Encouragement has been given to this branch of 
sciencebyimporting, as Kamples, simple formsof working microscopes, 
and also by stimulating our native artists to greater exertion in the 
construction of this instumcnt, by ordering the beat that could be 
produced. Samples of microscopic organisms have been collected 
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and dJBtributed to observers, and ozamiDatione ana reports have 
been made on a large number of this class 'of objects sect to the lu- 
stitutioD. The publications in regard to this subject are a number 
of papers by Professor Bailey, of West Point, and a very interesting 
memoir by Dr. Leidy, of Philadelphia, on a fauna and flora within 
living animals. 

Physiology. — No experiments on this subject bare been made under 
the immediate direction of the Institation, although it has furnished 
the materials for investigation by other parties. The publications in 
r^ard to it are chemical and physical researches concerning North 
American vertebrata, by Dr. J. Jones ; researches upon the venom 
of the rattlesnake, with an investigation of the anatomy and physi- 
ology of the organs concerned, by Dr. S. W. Mitchell ; on the 
breathing organs of turtles, hy Drs. Mitchell and Morehouse ; on 
the anatomy of the nervous system of rana pipiens, by Dr. J. Wy- 
man j and on the medulla oblongata by Dr. John Dean. 

Ethnology and Philology. — One"of the earliest efforts on the part of 
the Institution v/as directed to the advancement of the science of 
American ethnology. Its first publication as well as introductory 
volume to the series of Smithsonian Contributions to Knowledge, be- 
ing the work of Sqnier and Davis, on the ancient monuments of the 
Mississippi valley, remains the standard treatise on this subject. 
This was followed by a similar work on the antiquities of New York, 
by Mr. Sqnier ; and those of WiBConsin, by Mr. Lapbam, of Ohio ; 
and of Lake Superior, by Mr. Whittlesey; a memoir on some anti- 
quities of Mexico, by Brantz Mayer ; and a general introduction to 
the whole sabject of American archfeology, by Mr. Haven, besides 
many articles of lees' extent in one or another of the Smithsonian 
series. Several pamphlets of instructions for making observations 
and collections in this science have also been issued. 

In the department of philology, also, the Institution baa evinced 
its zeal and activity by the publication, among others, of the elaborate' 
work on the Dakota language, by Mr. Riggs ; that oh the Yoruba 
language, by Mr. Bowen; and that on the Chinook jargon, by Mr. 
Turner and Mr. Gibbs. To Mr. Shea, of New York, who is engaged 
in the preparation of a library of American languages, onnual appro- 
priations from the funds of the Institution have been made in fur- 
therance of the publication of linguistic memoirs furnished by its- 
correspondents. 

Systematic efforts have been directed by the Institution to the 
collection of as perfect a series as possibleof the specimens of Ameri— 
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can antiqaities, and of those illnatrative of tlie habits of the modem 
native tribes. Already an extensive collection bas been accnmulated, 
and the prei>aratioo and distribution of a series of colored casta of 
the more interesting specimens of aboriginal art have been com- 
menced. The former picture gallery bad jast been fitted ap with 
cases two hundred feet in length, for the reception of these, when the 
disastrous fire occurred, wbich destroyed the upper part of the centre 
building; fortooately, however, before any of those specimeus bad 
been placed in the room. 

Correspondence. — The Institution has constantly received a large 
number of commnoications, asking information on a variety of sub- 
jects, particularly ia regard to the solntioD of scieotific questions, the 
names and characters of objects of natural history, and the analysis 
of soils, n:inerul9, and other materials wbicH pertain to the industrial 
resources of the country. Answers have in all cases been given to 
these inquiries, either directly by the officers of the Institution or by 
reports from the Smithsonian collaborators. A considerable portion 
of the correspondence burned in the dffice of the Secretary was of this 
character. The lose in this case ie to be regretted, not only on 
accouDtof the valuable information the letters and answers contained, 
but also on account of the lUastration they afforded of the influence 
of the Institution, and the condition of the public mind at a given 
time. Every subject connected with science which strongly attracts 
popular attention never fails to call forth a large namber of inquiries 
and suggestions. 

International exchanges. — To facilitate the direct correspondence 
between the learned institutions and scientific men of the two worlds, 
and the free exchange of their publications, has, from the first, been 
a special object of attainment with the Smithsonian Institution. Year 
by year its plans for this purpose havo been modified and improved, 
tiDtil the system hiia become as nearly complete and satisfactory as 
the funds and force at its disposal will allow. At the present day it 
is the great medium of scientific intercommunication between the New 
World and the Old ; its benefits and services being recognized alike by 
individuals, institutions, and governments. Its parcels pass all the 
custom-houses without question or interference, while American and 
foreign lines of transportation, with rare exceptions, vie with each 
other in the extent of the privileges accorded it. To so great an 
extent has its sphere of activity been enlarged, that it is no exaggera- 
tion to say that a very largo proportion of all international exchanges 
of the kind referred to are now made through its instrumentality. 
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At the present time the Institution is prepared to receive, at periods 
mnde known tbrongb its circulars, any booka or pampblt^ts of scifntific, 
literary, or benevolent cbaracter wbich any inctitutionx or individuals 
in America may wisb to present to a correspondent elsewbore, sub- 
ject only to the condition of being delivered in Washington free of 
cost, and of being accompanied by a separnte Uat of the parcels sent. 
Where any party may have special worlts to distribute, the Institu- 
tion is always prepared to furnish a list of euitiible recipients. In 
many cases whore works of value have been published by the United 
States or State governments, likely to be of importance to students 
abroad, application has been made by the Institution for copies, in 
most cases with success. The articles and volumes, when received, 
are assorted and combined into packages, and these, after being 
properly addressed and' enclosed in boxes, are despatched to the 
agents of the Institution in London, I«ipsic, Paris, and Amsterdam. 
The bo^es are there unpacked, and the contents distributed through 
the proper channels ; the returns for these transmissions are received 
by the same agents, and boxed, and forwarded to Washington, from 
which point the parcels for other parties are sent to their proper 
destlDation. All the expenses of packing, boxing, agencies, freights, 
&c., are borne by the Institution, with the exception of the local 
conveyance of single parcels by express or otherwise within the 
United States. 

LOCAL OBJECTS. 

Under this head we have classed those parts of the programme 
which were indicated by Congress, and which do not, so directly as 
the.objects we have already described, contribute to the advance of 
knowledge. It will be seen, however, that they have been made as 
far as possible to harmonize with the active operations, and to assist 
in their progress. 

Library. — Although the act of Congress directed that provision 
should be made for the ^'ccommodation of a library, on a liberal scale, 
it was soon seen, after the organization of the Institution, that it 
would be impossible, from the income which could bo devoted to it, 
to establish a iirst-class general library. Even had this been practi- 
cable, it would still have seemed superfluous to do so in tho very 
vicinity of the miscellaneous library of Congress, which is every 
year increasing in extent under tho liberal appropriations which are 
annuidly m^ide for the purchase of books. It was therefore deemed 
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preferable, and more consonant with tbe pnrposes of the InBtitation, 
to form a special library, which might constitute, as it were, a sap- 
plement to the library of Congress, and consist, for thu most part, 
of complete sets of the proceedings and transactions of all the learned 
societies in tbe world, and of other serials essential for reference by 
students specially engaged la original scientific research. The efforts 
of the Institution to carry oat this plan, which has since been sanc- 
tioned by Congress, have been eminently sncuessfni. Principally 
through exchanges, and occasionally by purchase, a more complete 
collection of tbe works above mentioned has been procured than is 
to be found in any library of tbe United States, or is easily met with 
even in Europe. Tbe Institution has been assisted in making this 
collection by the liberality of many of the older libraries abroad, which, 
on application, have furnished from their dnplicatea volumes and even 
whole sets to complete series of works long since out of print, and 
which, in some cases, could not have been obtained through any 
other means. The library is also quite rich in monographic or special 
treatises in tbe physical and natural sciences, lacking as yet, it is true, 
some of the more expensive volumes, but still affording tbe means of 
prosecuting almost any scientific investigation. One specialty con- 
sists of tbe large nnmber of maps and charts obtained by exchange 
from geographical and bydrograpbical establishments, &c. This col- 
lection is as complete as any in the country. 

No effort is spared to render the library of the Institution condu- 
cive to the advance of science. Two editions of the catalogue of 
serial works have already been published, and a third is now in press ; 
this will probably fill four hundred octavo pages, and will be com- 
pleted in the course of the present year, to be followed by a cata- 
logue of the special works. 

As in most librarios of special character, and, indeed, in most large 
public libraries, tbe public are allowed free access to the library-room 
during office hours, but are not generally permitted to take books 
away. When, however, any applicant is known to be engaged in 
the prosecution of original investigations, which promise to advance 
science, and requires the assistance of books found in the Smithsoniao 
library, they are freely lent, even to persons in the remote portions of 
the United States. Any losses which may occur by tbe adoption of 
this cours^e are moro than compensated by tbe advantages derived 
from it. 

Congress had provided by the law of organization that a copy of 
&11 copyright works .^^Uould bo prosi-nted to thu library of this Institu- 
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tion. This it was supposed would be ths metins of securing im- 
portant additions to the library. It was found, bowever, in practice, 
to impose a burden on the funds of the Institution for which no 
adequate compensation accrned ; copies of the most valuable works 
were not presented, because there was uo pentlty imposed for the 
neglect to comply with the requirement, and the expense of clork- 
hire in recording and furnishing certificates was greater than the 
value of the articles received, oonaisting, as they did principally, of 
sheets of music, labels of patent mediciuea, novels, and element- 
ary works of instruction. The law was, therefore, on special appli- 
cation, BO modified that anthors were required in future only to send 
a copy of their works to the copyright bureau of the Department of 
the Interior and to the Library of Congress. 

A special library of the character above described, consisting of 
serials, must of necessity constantly increase with the additions made 
to the .series of the existing associations which annually publish their 
transactions. The Smithsonian library, therefore, comprises a prin- 
ciple of indefinite augmentation, both as regards extent and value ; 
and although this increase will result mainly from the exchanges 
produced by the active operations, yet additional accommodations 
will bo constantly acquired. Hence it may become a matter of consid- 
eration, hereaftfir, whether, since Congress has appropriated $160, 000 
to the enlargement of the accommodation for its own library, it may 
not be ezpedienl to request that the Smithsonian collection be re- 
ceived and arranged as one of its departments, while the free use and 
general control of the same shall still be retained by the Institution. 

Museum, — The same remarks which have been made in regard to 
the library may, with little modification, be applied to the museum. 
The portion of the funds of the Institution which it, is practicable to 
devote to the museum is not sufficient to support an establishment of 
this kind worthy of the seat of government of the United States. 
Indeed, it is generally now conceded by those who have critically ex- 
amined the subject, that the accommodation and perpetual mainten- 
ance of a large collection of objects of nature and art intended for 
popular exhibition, or even for educational purposes, ought not to have 
been imposed upon the Smithsonian fundf It has been seen from the 
foregoing statement how much can bo done in the way of advancing 
natural history independent of a costly edifice, and the support of 
a popular museum in which are to be continually exhibited even 
type specimens. It iri true that specimens i>f this (.hara-jt^r ought 

■ LY:,lz.db;,G00^k' 



60 REPORT OP THE 8ECEETARY. 

to be preserved for study; but seeing that there are in the country a 
nnmber of special museums wliich would gladly become the custodians 
of these objects, and that the hope is yet confidently entertained 
that Congress will, in due time, establish a national mosenm which 
Bhall rival those of otb'er countries, it has been thought advisable 
to restrict the collections which are retained in the Smithsonian 
mneenm — first, to those made by the exploring expedition, the c;»ro 
of which Congress has devolved upon the Institution : and, second, 
to such typo specimens as are thought of special interest as illna- 
trating the Smithsonian publications. 

The museum has been rendered particnlarly attractive to the visit- 
ors and iohabitants of Washington by the large nnmber of birds and 
mammals which have been mounted for public exhibition, and in this 
way it has nndoubtedly contributed to the popularity, though it has 
diminished the efficiency, of the Institution. The danger, however, 
to be guarded against, is the constant tendency to expand the col- 
lections, and hence gradually to absorb the income in their support. 
It should be recollected that the building baa borne upon the re- 
sources of the Institution with a cost of more than $300,000, and that 
at least an additional $100,000 will be necessary to repair the recent 
damages, and this mainly to render the edifice better adapted for the 
accommodation of.the library and museum. 

Little has been said in this sketch in regard to th^ gallery of art. 
The impropriety of expending the income of the bequest in attempt- 
ing to form a collection of articles in this line worthy of the country 
has had no prominent advocates, even among artists; still, in con- 
nexioQ with the mnseum, a collection has been formed which princi- 
pally consists of plaster casts of distinguished individuals, and a few 
pictures which have cither been presented to the Institution or are 
the property of the government. The only purchase in this lino 
which the Institution has made is that from Hon. George P. Marsh, 
of a series of valuable engravings to illustrate the early history of 
art. • 

, Lectures. — As a part of the programme of organization finally 
odopted, courses of lectures were to be delivered, but instead of at- 
tempting to furnish popular instruction by this means to all parts of 
the country, as was at first proposed, the lectures have been confined 
to the city of Washington ; and in order to render them generally 
useful, synopses of the more important ones have been published in 
the annual reports. At the commencement of the Institution, and 
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before the plan of orgaoizatioQ was geuerally underdtood, special 
care waa taken to inTite as lecturers meii of promioeDce id the lioe 
of literature that tbey might have an opportunitj to become familiar 
with the plan adopted, and in this way many prejudices were re- 
moved and much information diffused as to the character of the es- 
tablishment. 

The lectures were commenced before the building was erected, the 
first course being in 1817, by the Rev. Dr. Scoresby, of Engluud, on 
the construction and use of the large telescope of Earl Bosse, and 
have been continued every winter up to the present time. Until 
within the last four years tbey were well attended, and no doubt 
produced a beneficial effect ; but since the commencement of the war 
and the introduction into the city of a large number of sources of 
amusement, the audience has fallen off, or has been composed in a 
large degree of persons seeking amusement rather than information 
The most important result produced by the lectures is that derived 
from their publication. 

Nothing definite can be said at present as to the financial arrange- 
ments for the repair of the building. The subject is still before Con- 
gress, and although the idea has been confidently entertained that an 
appropriation would be made for the purpose, yet from the discussion 
which took place in the meeting of the joint comftilttee of the two 
Houses appointed to consider this matter, I do not think a resolution 
aathorizing such an appropriation will be adopted. In view of the 
impression produced by this discussion, at which I was invited to be 
present, I suggested to the committee that if the members would 
agree to recommend an appropriation to pay the back premium on 
coin for the last four years' interest on the Smithsonian fund, and in 
the event of the success of the recommendation, I thought the Regents 
wonld have it in their power to finish the repairs by means of the 
extrA fund which has been nccumulated. 
Respectfully submitted. 

JOSEPH HENRY, Secretary. 

Washutqiok, 1865. 
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DEAPEE'S TELESCOPE. 

BV THE KEV. T. W. WEBB, A. H., P.R.A.S. 

From tkt "InUUeUiial Oi$crtcr," LonJorn. 

It is gratifyiug to observe that, amidet all the caUmltiea and diatreesea and 
coafasion of a most aohappj civil war, the stadies of peace have not been 
wholtj lost to sight. A remarkable instance of this is Afforded hy the recent 
appearance, among the publications of the American Smithsonian Institntion, 
of a verj interesting and valuable memoir, " On the Construction of a Silvered 
Glass Telescope, 15J inches in aperture, and its use in celestial photography, 
by Henry Draper, M.D., Professor of Natural Science in the University of New 
York." A copy of this, through the courtesy of the author, being now in my 
hande, I have thought that some account of its contents might prove interesting, 
especially at a time when silvered glass specula are attracting some attention in 
England, and (unless we are much mistaken) are likely to bo more generally 
known and valned na nx>at important aids to tbc progress of obscrvaiion. 

The opening sentence of this mranoir requires, howtjver, wc venture to tliink, 
a litlle qualification. " The construction of a reflecting telescope capable of 
showing every celestial object now known," Dr. Draper tells us, " is not a very 
difficult task-" We should have no hesitation in expunging the negative here, 
unless it were permitted to add, " when study, and labor, and ingeunity. and 
perseverance have been brought to bear upon it, equil to those displayed by 
Dr. Draper." His subsequent remark is of more universal application : " The 
cost of materials is but trifling compared with the result obtained; and I can 
see no reason why silvered glass instruments should not come into general use 
. among amateurs. The future hopes of astronomy lie in the multitude of ob- 
servers, and in ibe concentration of the action of many minds." His first idea 
was derived from an examination, in 18S7, uf Lord Bosse's great reflector, and 
of U^e machinery by which it was perfected ; and on bis rettim home in the 
following year, be resolved to construct a similar, though smaller instrument, 
larger, however, than any in America, and adapted to celestial photography. 
A metal speculum was first completed, but was split in two during tbc winter 
of 1860 by the elpansion of a few drops of water that became frozcu in the 
supporting cane ; and his attention was then, at Sir John Herschel's suggestion, 
turned to silvered glass mirrors, as reflecting more than 90 per cent, of incident 
light, with only Jth of the weight of metal. The year 1861 was occupied in 
overcoming the difficulties of grinding and polishing three 15^-iiich disks of 
glass, as well as a variety of smaller pieces. Three similar mirrors were found 
almost essential, as two would often be so much alike that a third was necessary 
to gain a further step in advance. One was made to acquire a parabolic figure, 
(*ee InteLlbcti'ai. Odsrrvkh. iii, 213^ and bore a power of 1000. The 
winterwaa spent in perfecting the art of silvering and studying. photOBraphio 
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proccsaee. A large portioo uf 1SC3 was spent wJtb a regiment in a campaign 
in Virginia, but in the antumu eand-clocks and clepajdras of varioaa kinds were 
made, and tho dririDg mcchaniam attained great csccllcuce. During the winter 
theartofcommniiicating the parabolic figure bj Foucault's method was acquired, 
and two 15^-inch mirrors, and two of inches; for cnlai^ing photographs, were 
completed. The greater part of 1803 was spent in lunar and planetary pho- 
tography and the enlargement of negatives, somo of which were magnified to 
three feet in diameter. Two specula of 15J inches were also completed, ground 
to an oblique focas for front view. " This work," ho adds — and any one with 
very little eiperience may judge of the immense amount of toil ioToIvcd — "has 
all been accomplished in the intervals of professional labor." Uany of the 
expedients adopted in the working, which are detailed at full length, arc 
strikingly characteristic of ingennity 4s well as persevernuce. To avoid the 
tediousnesB of grinding out defects in a metal surface, they were " stopped 
ont," after the manner of engravers, and the uncovered space corroded away 
by the action of uitro-hydro chloric acid. By a similar mode, the strength of 
the acid being graduated in separate zones towards the edge, an increase of 15 
inches in focal length was gained. The grinder and mirror were at another 
time included in a voltaic circuit to abridge the grinding process, and an idea 
was entertained of saving much weight by electrotyping a brass mirror with 
speculum metal. Wheif he commenced operations with gloss he had to polish 
with bis own bands more than one hundred mirrors of various sizes, from 19 
inches to J inch, and to experience very frequent failures for three years before 
he was able to produce large surfaces certainly and speedily. His labor would 
have been much diminished, iunsmucb as he would have been spared the cause- 
less condemnation of many fine mirrors, os well as the working of some square 
ones, had he become earlier aware of an important fact respecting the rigidity 
of the material.* Generally speaking, a sheet of glass.even when very thick, 
can bardly be set on edge without so much fiexure as to render it optically 
worthless ; but, fortunately, in every disk that he tried, there was one diameter 
on either end of which it might stand without harm. On turning a disk of 15J 
inches, wilb a thickness of 1| inch, one quarter round, it conld hardly be 
realized that the surface was the same : 90° more restored it to its original 
defining power ; and this effect was found to be independent of any irregularity 
on the edge of the disk and of the mode of support. Dr. Draper refers it, with 
great probability, to the Blructurc of the glass, resulting froi^f its having been 
subjected to rolling pressure. A similar irregularity of structure is known to 
obtain in many large object-glosses, and Dr. Draper specifies the great achromatic 
by Cauchoix, presented by the late Duko of Northumberland to the University 
of Camliridge, as having had its lenses turned round by Mr. Airy in mounting. 
for this reason. Short's Gregorian specula, too, were always marked on the 
same account. The strange deformations of image produced by beat, even by 

* In cxnminiDg nnd tcsling last jcarsome fine S-inch specula of Mr. ^Vilh's workmaD<iliip. 
1 had independenllj ascertained this pccutiaritj'. bo far as a bitt potitioH far each wus cou- 
cemed, bat I slopped short of Dr. Drapci's diacorer; of a regulur oiii of rigidity. 
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the waimlh of the band for a few SMonds, we dcKribed aoA repreecnted. 
From each dietortioiu the rpeealiuB wooU not recorer ia ten mitiates, and the 

error would be rendered pcrmaDent by rvpoti«hiDg id thu coadHion ; and bo 
iojiiriouB mny rach eanees, ereo ia a ksaer decree, prove darii^ the delicate 
proccee of the fiDal corrertioti of ibe Fpherical rrror. that " a eonent of cold or 
wnnn air, a gleam of Bimlight, ibe cIom approach of tome penoo, an tis^ardcd 
toach, (he application cf cold water injodicioBflj, will niin the labor of days." 
He found it a matter of not anfreqii«>nt occnrrcnce that a fpecnlnm would per- 
form much better with ra^ ■ of a certain amonnt of obliquity,* deviating Irom 
2° to 3° from the axis. It is obvious that if this peculiar form could be pro- 
duced at will, and to an adnjoate degree, it woold render the Lcmairean or 
front view telescope perfect. Dr. D., however, found that the image was nevo- 
quitc as fine as in the uraal kind of nirrorv. A letter of Uaskclyne subse- 
quently came under his DOlice, in which be describes a very great improvement 
effected in a C foot reflector by Short, by incliuiDg the large speculum 3.}°, and 
remarks, very reasonably, that " probably it will be found that tbia circum- 
stance ia by no means peculiar to this telescope ;" a hint which may be worthy 
of the coneideration of ihe posseiisors of reflectors. Such soifaces require to be 
regronnd, or " re-fined," 1. 1., finished with the finest emery, to get rid of this 
obliquity, as repolishing, though occasicHMlly snccessfnl in a few minutes, will 
not always effect it ; Ihe attempt failed in one instance, though continued for 
13 J hours. 

The modes of forming the requisite tools, of preparing emery, of grinding, 
polishing, testing, (by Foncault's mode,) and silvering the surface, are somewhat 
too technical to find a place here, but some interesting facts are worthy of being 
referred to. Such is the effect produced by the removal from a cast-iron tool, 
15^ inches in diameter, divided into j-inch squares, like a chessboard, of every 
altcmalc square, by sn acid. Though the corrosion extended only to a very 
slight depth, it flattened the curvature of the tool 7| inches. "This shows 
what a state of tension and compresaiou there must be in such a mass, when tbc 
removal of a film of metal j'^th of an inch thick, hero and there, from one sur- 
face, causes so great a chaogc." Another important remark ia, how injuriotis 
an atmospheric disturbonco is set up by the intermixture of correnta of warm 
air from the observer's person with the raya falling on or reflected from the 
mirror — an observation which I made many years ago, and which any oue may 
test by directing a Newtonian to any bright object, and placing one hand beneath 
the aperture, while an eye-piece held in the other hand, and applied to the eye, 
is corried back a considcrablo distance, bo as to obtain a very long focus, and 
render the ascending currents more visible. It boa not, I believe, been generally 
remarked how prejudicial an effect this must bavo on definition in the front- 
view reflector, and it would bo a worthy object of attention to remove the evil 
by the interposition of somo non-conducting shield. 
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A full trial woe given to no lees than B«ven machinea, on the principles 
employed hj Lord Bosee aud Laesell, with modificationB of hia own. The 
^rime mover, called the '■ foot-power," was a very ingenious contrivance, in 
which very little force is loBt in overcoming friction, and which is frequently 
employed in America for dairy nae. Dr. D. himself generally walked in his 
own, and has travelled some days, during five hours, more than ten miles. It 
coDBista of an endless band of short transverse boards or ■' treads," interlocking 
so as to form a platform to tread upon, which will >ot yield downwards on its 
upper side, but hangs loose in the return half beneath, and passing over wheels 
and rollers at either end. This succession of hoards, having one end a little 
higher than the other, runs downwards as soon as a weight is placed upon it, 
and commnnicates motion to a large wheel on the axle of the one over which it 
turns, and through it to any connected machinery. Being placed between a 
handrail on either side, it offers the appearance of a little narrow bridge, asover 
a ditch, composed of transverse boards, on which the mover may walk all day 
without getting a step forward. It is, in fact, a species of treadmill, of a mnch 
more pleasant construction. 

The mode of giving a parabolic figure finally preferred by Dr. D. is that of 
"local retouches," in which the edge of a spherical mirror is flattened, or, which 
he thinks preferable, the centre is bored out deeper, by appropriate poliahers of 
curvatures differing slightly from that of the original tool on which it was 
TrroDght. This method, as invented by il. lAoa Foucault, at Paris, was em- 
ployed by hand, but has been practiced by Dr. D. with suitable machiuery,and 
with excellent results ; his great specula, thus finished, bearing a power of 1200, 
aud dividing the celebrated test-pair y* Andromtda; while so great is the 
light-collecting power of ISJ inches, that the companion of We^a can be per- 
ceived even with the unsilvcred surface; some portions of the moon are even 
more visible than after silvering — a hiut worth notice. When silvered, the ' 
quantity of lunar light is so overpowering as to impair for a long time the vision 
of an eye placed at the focus. Several modes of silvering were tried by Dr.D., 
some devised by himself. Foucault's proved uncertain in its results ; that of 
Cimeg, with tartrate of potash and soda, for looking-glasses, modified so as to 
fit the silver for being polished on the reverse side, be found superior to any, 
and in using it " never on any occasion failed to secure bright, hard, and in 
every respect perfect films." Their thickness is about -je^giijs of an inch— nearly 
the same with that of gold-leaf of equal transparency — the sun appearing 
through the ' silver of a light-bine tint. Variations in its thickness are conse- 
qoently only small fractionsof that fraction, and of no optical moment whatever. 
It tamishes quickly if exposed to sulphuretted hydrogen — a defect which has 
been avoided in the English process— aud it may be split up into fissures by 
damp; but heat does not affect it, and it is generally very enduring. " I have 
some," the doctor says, " which have been used as diagonal reflectors in the 
Newtonian, and have been exposed during a lai^ part of the day to the heat of 
the snn concentrated by the 15^-inch mirror. These small mirrors are never 
covered, and yet the one now in the telescope has been there a year, and has 
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the Missusippi river and the Rocky moantaina, reaching north into Britiali 
America, and Bouth into Mexico. In New Jersey they are estimated to have 
a thickness of from foar to five hundred feet ; in the region of the Upper 
Miesoori, from two to two thousand five hundred feet> 

SfnltitndeB of fossila are found in the Americao cretaceous formations, though 
the species appear not to bo so numeroua aa in those of Europe. The mollusks 
are parUcularly abundant, and among them are a great many species of cham- 
bered shclIa. A species of .ammonite is found on the Upper Missouri as laige 
as an ordinary fore-wheel of a wagon. Bemiuns of fishes are likewise numerous, 
but generally they are found in a very fragmentary condition. Scales, vertebra, 
and teeth, are usually the fossils which represent them. The teetb of sharks 
are eepedally numerous. Bones of reptiles are tdao abundant, and their remains 
fonn the subject of the author's memoir. As in the European cretaceous 
formations, no evidences have yet been discovered of the existence of birds or 
mammals in those of the United States. 

Most of the reptilian remains described by the author have been derived 
from New Jersey, where they are constantly being discovered in the digging 
of marl for agricultural purposes. Various genera and species of the crocodile 
family existed during the cretaceous period, as indicated by their remains. 
Some of these had the skeleton constructed after the lama pattern as those now 
living, while others were peculiar, or have no near representatives in existence. 

All living crocodiles, under which term we include the gaviale and alligators, 
have the vertebrs or bones of jhe spinal column, with their bodies concave in 
front and convex behind, so that tbey are firmly jointed in a ball and socket- 
like manner. Several species of extinct crocodiles, having the spinal column 
constructed in the same manner, have been discovered in the cretaceous limo- 
Btonc and green-sand of New Jersey and Delaware. One of the latter species, 
named TAoracotavrui neocesarientii, signifying the armor-covered satuian of 
New Jersey, resembled in its form and size the modem long-snonted gavial, or 
crocodile of the Ganges. A nearly entire skuU of this animal was discovered 
imbedded in limestone on the farm of General William Irick, near Vlucenttown, 
Burlington county. New Jersey, and is now preserved in the museum of the 
Academy of Natural Sciences of Philadelphia. Fragments of jaws and long, 
cnrvcd, conical teeth of the same species have been found in other localities of 
the State, as the highlands of Neveraink, the vicinity of Blackwoodtowu, Gam- 
den county. Big Timber creek, Gloucester county, and in Burlington connty. 
Vertebrae and other bones, including specimens of the strong osseous plates of 
the skin, have likewise been discovered in Burlington county. 

The skull of this crocodile, when perfect, has measured over a yard in length, 
and the whole animal about twenty-five feet. 

A species of the same genua, the Tkoracoiaunu macrorhynchtu has been 
discovered in a cretaceous formation of France, and a fine skull of it is pre- 
served in the museum of the Jardin dea Plantes, at Paris. 

Another extinct crocodile, named BoUotaunti Harlani, after Dr. Harlan, who 
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firet noticed the species id 1824, is yet only known from ecveral frRgments of 
jaws, a few teeth, and vcrtcbne, fonnd in the green-sand of Burlington county. 
New Jersey. The specimens indicate this crocodile to fanve resembled in its 
constructioD and size the alligator of the Mississippi, or the crocodile of the Nile, 
more nearly than the Gangctic gavial. Several smaller species of crocodiles, 
with concavo-convex vertebrffi, or vertebra! of the same construction of those 
of living crocodiles, are indicated by specimens of vcrtebne and other bonca 
found in the green-sand of New Jersey and Delaware. 

Another crocodilian reptile, the remains of which have been found in the 
greeu-sand of New Jersey, is the Hypotattrv* Rogertii, named by Professor 
Owen, of London, after Professor Rogers, who submitted several vertebra of 
the animal to his inspection about fifteen years ago. This crocodile belongs to 
a more ancient type of etnicture thou the former ones, and has no near living 
representative. The vertebrm have their bodies dished at both extremities, or 
biconcave, as in fishes, though in a much less degree. No considerable portion 
of the skeleton of this species has yet been discovered, and its remains are 
nsaally in an exceedingly friable condition. The author has had the oppor- 
tunity of observing specimens of vcrtebrs, fragments of bones of the limbs, 
and teeth of about eight different individuals. The teeth are long, narrow, 
and curved conical like those of the Gangetic gavial, but are more or less com- 
pressed, so as to present anterior and posterior trenchant or cutting borders. 
The animal did not exceed in size the alligator of the Mississippi. 

Another crocodilian reptile, much larger than ^ny of tho preceding, and con- 
structed after a different type, has been aamed DUcomurut vetustut. Only 
vertebras and some of the small bones of the limbs of the species have as yet 
been found. The bodies of the vcrtebrco have their articular ends flat, or nearly 
so, and they bear a general resemblance with tho corresponding portions of the 
vertebne of the living cetaceous, or animals of the dolphin and whale order. 
The genns is named from the articular ends of the vertebral bodies appearing 
as distbct disks or plates implanted on the latter. Remains of six different Jn- 
dividuab have been observed by the author from tho green-sand of New Jersey 
and from other cretaceous formations of Georgia, Alabama, and Aliasissippi. A 
few bones of a foot of this reptile from New Jersey indicate the limbs to have 
been constructed as fins, so that the animal was more eminently aquatic than 
the true crocodUes. 

An equally large crocodilian reptile with the one last indicated, and closely 
allied to it, as proved by the constmctioo of the vertebno, has been named 
CimoliatauTHt magnut, the generic term signifying its contemporaneous age 
with the chalk. The remains of this animal, consisting of a number of verle- 
hree, have as yet only been discovered in tho green-sand of Burlington and 
Monmouth counties. New Jersey. 

To conclude with the American cretaceous crocodiles, a large tonth, belong- 
ing to the museum of the Smithsonian Institution, from a deposit of the Bed 
»iver of the North, indicates a peculiar speciea, to which the name of Piralo- 
murus pUcatut has been given. The specimen was found in association with 
a number of shark teeth, of species evidently of the cretaceons epoch. 
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One of the moet extraordinary reptiles wliicli existed during the cretaceous 
period, both in Europe and America, is the Moiaaavnu, or lizard of the Jfeuse. 
It was of gigantic size, and is most nearly related, among living reptiles, to the 
comparatively puny lacertious and monitors. 

A nearly entire skull, including the jaws and teeth, of the Moiataunu cam- 
peri, was dificorered in 17S0 in one of the subterraneoos quarries of St. Peter's 
Mount at Maestricht. When fonnd, the quarrymen gave notice of its discovery 
to Dr. Hofiman, a surgeon of Macetrtcht, who collected fossils. Dr. Hoffman 
succeeded in safely removing the skull from its position in the quarry, imbedded 
in a large block of atone, and had it conveyed to his residence. The remarka- 
ble specimen having attracted much attention, its fame reached the ears of a 
reverend canon who owned the ground above the quarry from whenco the skull 
had been obtained. The canon laid claim to the specimen and applied to law 
for its possession. After a troublesome suit he obtained it, mucH to the cost 
and chagrin of Dr. Hoflinan. In 1795 the army of the French republic laid 
, siege to Maestricht and bombarded Fort St. Peter, near which was the country 
leaidence of the canon, where the fossil skull was preserved. The general of 
the French having been informed of the circumstances relating to thp fossil, 
gave orders that the artillerists should avoid that particular quarter. The 
canon suspecting the object of this exemption, bad the skull conveyed to a place 
of safety in the city. After the army obtained possession of the latter, Freicine, 
the representative of the people, promised a reward of six hundred bottles of 
wine for the recovery of the sknll, which had the desired effect, for the follow- 
ing day a dozen grenadiers bore the epedmen in triumph to his honse. It was 
Enhseqaently conveyed to Paris, and now forms part of the collection of the 
museum of the Jardin des Plantes. The skuU of the Maestricht Mosasaums, or 
Uaestrioht monitor, as it iu also called, was nearly four feet long; the lower 
iaw three feet and three* quarters. The jaws were occupied by fifty-six teeth, 
besides which there were sixteen at the entrance of the throat on the ptcmygoid 
bones. The teeth are large; havecnrved conical crowns, with the surfaces sub- 
divided into narrow planes ; and have remarkably robust fangs inserted into 
deep sockets of the jaws, with which they became firmly co-ossified. 

Guvier estimated the number of vertebm to have been one hundred and 
thirty-three, and their bodies are concavo-convex, as in living crocodiles. The 
tail vertebra are especially remarkable from their constractioif being provided, 
as in fishes, with a co-ossified arch and spine below the bodies as well as above. 
The character of these caudal vertebrte indicates the tail to have been laterally 
flattened and of -great comparative depth, and thus well adapted to the aquatic 
habits of the animal. 

Remains of a species of Mosataurus, equally huge with the Maestricht moni- 
tor, ore frequently found in New Jersey in the digging of green-sand for agri- 
cultural purposes, but they are usually in a very fragmentary condition. Nev- 
ertheless, not a year has passed within the last thirty that isolated teeth, 
vertebral fragments of jaws, and other bones, have not been tum^ up in tfas 
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dig^aga of the marl Some of the specimeae of teeth exceed six inches la 
lengih, hnt generallj they are enudler. 

The teeth present considerable variety, generally hariog cnrred conical or 
pyramidal crowns, frequently more or }ess compressed, with the enrfaccs in 
different degrees subdivided into narrow planes or nearly or quite devoid of 
them. The root or fang is cylindrical and several tim^a the bnlk of the crown 
and is inserted in a deep socket with which it is usually observed firmly co-os- 
sified, though it may also bo loose, depending on the age or state of development 
of the tooth. New teeth were ioceaaantly developed as those in use were 
worn away. They made their appearance at the back part internally of the 
fangs of the latter, and their fangs were gradnlly hollowed to accommodate 
the growth of the new teeth. The crowns of the old ones were then shed to 
allow the new ones to occupy their place, and aAer the fall growth of the nev 
teeth their fangs co-ossified with their containing sockets. A constant sncces- 
sion of teeth in this manner took place daring the life of the Motataunu. 

The reniiuna of the New Jersey Motataurtu have been referred to a species 
named M. Mitchilli, in honor of Dr. S. L. Mitchill, of New York, who first 
directed atteniion to their existence in this country in 1318. A fow fossils, 
apparently of the same species, have been found in North and Sonth Carolina. 
Remains of Mottuaunu, probably of a different speciea from the former, have 
been discovered on the Upper Missouri, of which a notice was first given by Dr. 
B. Harlan, in 1834. The greater part of a skeleton was subsequently found 
fay Major O'Fallon, imbedded in a rock in the vicinity of Big Bend, and was 
presented by him to Maximillian, Prince of Wied, who was then travelling ia 
western America. The prince had the specimen conveyed to Europe and pre- 
sented to the Academy of Naturalists at Bonn, in the museum of which it is 
now preserved. Dr. Goldfnss, who described the specimen, estimated the num- 
ber of vertebra to have been one hundred and fifty-aeven. We have but little 
certain knowledge of the bones of the limbs of Motatatint*; but the more 
authentic specimens which have been found go to show that the animal was 
provided with fins adapted to swimming. 

Remains apparently of a comparatively small species of Moiaaaurtu, or of 
a closely allied genua, have been discovered in the cretaceona formations of 
Alabama and Mississippi. 

Some isolatai vertebne of large size, firom the green-sand of New Jersey, are 
supposed by Professor Owen, of London, to indicate a saurian distinct from 
Motataurut, though allied to it, to which he has given the name of Macro$aunu 
laei*. Similar vertebrte have been found in Nortli Carolina. A long, narrow, 
conical tooth crown, with the surfaces subdivided into planes, from the green- 
sand of Borlington county, New Jersey, and an exactly similar one from the * 
shores of Cape Fear river. North Carolina, indicate another reptile, probably 
allied to Motasaunu, which have been named PolygonodoH vetut. 

Perhaps the most extraordinary reptile yet discovered in the American creta- 
ceous formations is an enormous herbivorous lizard, the Hadrotauru* Fouikii. 
A gentleman of Philadelphia, W. Parker Foolke, while passing the. worm aeason 
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of 1858 in the pleasant little village of Haddonfield, Camden county, H&w 
Jeney. vaB informed by a neighbor, Mr. J. E. HopkJna, that tozm remarkable 
bones gf huge size hod been discovered while digging marl npon his farm about 
twenty years previously. The specimens first found had been all given away 
or lost. Under the expectation of finding others, Hi. Fonlko employed men 
to dig in the poeitioa of the old excavation, which was in a ravine through 
which flowed a branclf of Cooper's creek. At the depth of nin; feet numerous 
bones were found in a bed of tenacious bine clay, mingled with a multitude of 
foaeil ehells. The bones, though fractured, were otherwise well preserved, and 
exhibited no appearance of being water-rolled. Indeedj the most delicate of the 
accompanying shells, though decomposed, had preserved their forms so per- 
fectly that it was evident the animal remains hod originally rested on the soft 
mud at the bottom of a quiet sea. The bones which were obtained consisted 
of twenty-eight vertebrse, port of the pelvis, most of the bones of the left fora 
and hinder extremities, some small fragments of jaws, and nine teeth. 

The vertebnB of the neck and forepart of the dorsal region hare their hodica 
convex in front and concave behind, the reverse of the condition in th^ living 
crocodiles, and In the extinct Moeasaoms. The degree of convexity and con- 
cavity declines in the posterior dorsal vertebra, and in the vertebre of the loins 
and tail the bodies are biconcave. The anterior candal vertebm are th? lai^^est 
of the spinal column, though not so long as most of the others. A perfect speci- 
men indicates the tail to have been of enormous size — near the root about a foot 
and a half in vertical diameter, and eight inches transversely. The humerus or 
armbone is twenty-two and a half inches long, and nearly seven inches broad 
at the upper part. The bones of the forearm have about the eamelength. The 
bonea of the hinder extremity are especially remarkable for their huge propor- 
tions, whether viewed" independently or in relation with those of the fore ex- 
tremity. The femur, or thigh-bone, is forty-one inches and a half long and 
fifteen inches in circumference near the middle. The tibia, or shin-bone, is over 
three feet long, and nearly a foot in circnmferenco about the middle. Both the 
humerus and femnr contain large medullary cavities. 

The remains of Hadroiauru* exhibit a close relationship of the reptile with 
the Jguanodon, a. lizard of equally huge proportions and like habits, discovered 
by Dr. Mantell in the next oldest formation to the cretaceous, known as the 
wealden of Europe. The specimens of the Iguanodon Mantelli now form port 
of the magnificent collection of the British Museum. 

Hadrosaurus and Iguanodon, in proportions and habits, held the same rela- 
tionship with other great extinct lizards that tEe bulky herbivorous pachy. 
dcrms do among ordinary mammals. They might be yiewed as the oxen 
among the tigers, and insect eaters of lizards. 

Among living lizards, the Iguanas of Sondi America, and the marine 
Amblyrhynchus of the Q-alipagos islands, are th; only ones which are vege- 
table feeders, and in these the sharp, serrated teeth are only adapted to cutting 
th? softer kinds, such as fmite, flowers, sea-weed, &c., and ore not at all fit for 
maeti;ation or grindinir the food. /^-^ ■ 

* * D,g„z.dbyGOOgle 
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Wbca Dr. Maotell first exhibited teeth of the Ignnuodon, no one would 
believe that they belonged to a reptile, and even Cuvier prouonnced a worn 
Epei^imea to be the tooth of a rbinoceroB. 

The teeth of Hadrotaurut have the same general constitntion aa those of 
Jguanodon, being adapted to the tritnratioQ of vegetable food. They nie 
exceedingly email in relation with the size of the animal, meaauriog only a 
little over an inch in length, but they were nameronB,<and appear to have been 
arranged bo cloBely t<^ther aa to fonn a continnons pavement at the border of 
the jawB, well adapted to the cruBbing and comminution of vegetable enb- 
etancea. Ab the teeth in use were worn away, they were incesBantly followed 
by others, which also appear to have been arranged in cloae apposition with 
one another, 

Hadrosanras was probably an amphibious reptile. Its huge, laterally flat- 
tened tail waa evidently adapted to Bwimming. The lai^e hollowa in the 
interior of the arms and tbigh bones would indicate a partially terrestrial habit. 
The great disproportion between the fore and back parts of the body bas led 
to the view that when not swimming the huge reptile supported itself in a frog- 
like position, though it had an additional prop in the huge 1^1. 

Teeth nearly like those of Hadrotattrus, bat referred to another reptile, 
named Trachodcn, have been discovered by Dr. F. V. Hayden, in a formation 
of unascertained age, though probably cretaceons, in the had lands of the 
Judith river, a tributary of the Sfissouri, near its source. 

Other huge bones of reptiles have been discovered in the New Jersey green- 
sand, of nncertain reference, bat most probably of specica allied to Radrosaur^t. 
Several bones, from Burlington county, of a reptile of comparatively small size 
with the latter, though also probably allied to it, are remarkable for their bol- 
lowness, almost approaching in this respect the condition' of the bones of birds. 
They have been referred to a genus under the name of Ctdota%rua, the term 
referring to the boUowness of the skeleton. t 

Several teeth of a large reptile, discovered in a cretaceons fonoatioD near 
Bladensbarg, Maryland, have been referred by Dr. Johnson, of BalUmore, to a 
peculiar genus, under the name of Aetrodon. 

A large tooth, mingled with a number of others of sharks, from the green 
sand of Mullica Hill, Lancaster county, New Jersey, indicates a camivdroud 
reptil*, to which the name of Tomodon horrificua is applied. The tooth re- 
sembles a large shark tooth, being broad, flattened conical, with sharp, catting 
b.>rderB minutely serrated. The original possessor of the tooth waa no doubt 
a fierce and sanguinary cotemporary of the peaceful, horb.eating Hadroiavrv*. 

Of turtlea, the green-sand of New Jersey has furnished the fossil remains of 
a number of genera and species. The fossils are, however, generally in a very 
imperfect atate, usually consisting of fragmenta of a few platea of the bony 
Bhell. The remains observed by the author appear to indicate eight species 
of five genera. Of these, two are referred to Chelone, three to Emys. one to 
Platemya, one to Tritmyx, and one to a peculiar semii—Bathremy$. The latter 
ia remaikable from the jaws being provided with large funnel shaped pits, one 
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on each side, those of the upper jaw being opposed to the lower ones. It iB 
difficult to conjecture the nse of these pits, thoogh the antbor has suspected 
that probably these sprung from the tooth-like procesaea of the homy beaks 
with which the jawa of turtles are furnished. A sktdl, the only part yet dis- 
covered which is distinctly referrible to the geons, was obt^ned from the green- 
sand near Bamsboro', Gloucester county, New Jersey. It bears a resemblance, 
among living tnrtles, most nearly to the great Amazon turtle, Podocnemys. 
The species is named Bothremyt Cqokii, in honor of "Professor George H. 
Cook, of Bntger's college, New Brunswick, New Jersey, who greatly assisted 
the anthor in procoring epecimcDB for hia ezamination, which form part of tho 
material of the memoir. 
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REPORT OF THE ASSISTANT SECRETART. 



Smithsonian Institdtion, 
Washington, D. C, Decernher 31, 1864. 
Sib : I beg herewith to present a report, for 1864, of the operations vhicfa 
yon have intraetcd especially to* my charge ; mainly, those rela^g to ex- 
changes and the coUectionB. 

Very respectfully, your obedient eeirant, 

SPENCER F. BAIRD, 
AtsUtant Secretary Smilhwnian Institution. 
Prof. Joseph Henrv, LL.D., 

Secretary Smithsonian Institution. 



EXCMAKOBS AND TRANSPORTATION. 

Tho distribution of publicationa of the year included volume xiii of the 
Smithsonian Contribntions to Knowledge, of fiSS pages and seven plates ; 
voltime V of SliBCelloneouB Collections, of 774 pages ; and the Annoal Report 
of the Inatitation for 1862, of 450 pages ; making an aggregate of 1,782 pages 
and seven plates. 

As heretofore, the packages transmitted and received included all the ex- 
changes between the learned institutions and men of sdence generally of 
America and other parts of the world, the details of which are shown in the 
accompanying tables. As in previous years, the Institution has to make its 
grateful acknowledgments for services rendered in connexion with these opera- 
tions by the Cunard, the Bremen, the Hamburg, and the Pacific Mail Steam- 
ship lines; the Panama Railroad Coinpany, the Adams Express Company, 
the Hudson's Bay Company, &c. Fiivileges similar to those granted heretofore 
fay the Adams Express Company have, daring the year, been also extended 
by the Hamden and the American Express Companies. 

To Messrs. Hiram Barney and Simeon Draper, collectors of the port of Nevr 
York, and Mr. George Hillier, of the custom-house ; and to Mr. Samuel Hub- 
bard, of tho Pacific Mail Steamship Company, in Ban Francisco, the Institu- 
tion continues to be under many obligations for important ^d extended in con- 
nexion with its system of exchanges and transportation. Its thanks are also 
due to Messrs. F. Probst & Co , of New York, and their correspondents in 
Vera Cmz, Messrs. Leffinann and Gnthetl, for valuable assistance in the ex- 
changes with Mexico. 

The regular foreign agents of the Institntion — Dr. Felix Flugel, of Leipsic ; 
McBsrs. Gustavo Bossange & Co., of Paris; Mr. William Wesley, of London; 
and Mr. Frederick Mliller, of Amsterdam — ^have continued to jischarge their 
duties to the foil satisfaction of the Institution. /^ > ■ 
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Receipts ofhookt, Ifc., hy exchange in 1864. 
VoInmeB : 

Octavo ,' 645 

Qaarto 153 

Folio 25 

823 

PartB of volomcB aad panipbleta : 

Octavo 1, 945 

Qaarto 680 

Folio 129 

2, 7fi4 

Maps and charts . . . '. j 109 

Total '. 3,686 



B. 
Ti^ thmmtg the ttatutiet ofeasckwagei (^ the Smit&MmiaH hutituUo» m 1S64. 



Agent and country. 
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12 
8 
48 
306 
36 
17 


13 
12 
&1 
357 
36 
13 
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25 


207 




Fred. Uih.LEIt, AmOerAun— 


10. 
33 


IS 
40 














3 


27 




GcsTAVE BOSSANOE &. Co., Parit— 


93 
50 
11 


104 
63 
18 






















12 


100 




W Wesley, LndoK— 


149 


203 






13 
10 


113 
100 






65 


100 










843 


1,011 


63 


546 


20,500 
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Addreaed packages received by the Smitlaoniaa InHilution from partiei i 
America, Jbr Jbreign dUlributioit, in 1863. 



ALBJItr, MEW YORK. 

yew York State Library 

AUUERST, HASSACKUSETTa. 

Th. C. H. Hitchcock 

BOSTON, uAaaACHVSETrB. 
American Academj of Aria and Sci- 
Societj of ffatnr&I Uistoiy 

:, HASSACUUSETTS. 



Hdkdid of Comparative 



COLUMBUS, OHIO. 

Oliio Stale A^coltnral Sodetj 

UOBCIIEHTER, HASSACHDSETT8. 

Di. Edwan] Jarm 

ISDIAltAPOLIS, INDIAMA. 

InntilnlioD for tbo Deaf and Dmnb.- 

>OWA CITV, IOWA. 

ri.f. a. A. HiDricliB 

JACKHOSVILLE, ILUMOtS. 
lirr'iiji Huite Hoapltal for InMne. ... 

/ADKHVILLE, W18C0XSI)). 

[••iliiitluD Tor the Blind 

Mn:<TiiEAL, cahaoa. 
■u.t. J, W. Dawton 



MEW UATEN, CONMECTICUT. 

JoDmal of Sdence 

Oriental Society 

HEW TORK. 

Ffew Tork Ljceiun of Natural Hiatoi7. 

Thomaa Bland 

Dr. Heoiy Draper 

PHILADELPUIA, FENMSYLVAStA. 

Academy of Natoial Sciences 

Entomological Society of Philadelphia. 
American Phannaceutical AjwociMlon . 

George W. Trjon, jr 

Dr. 8. W. Mitchell 

Dr. WUcoi 

PROVIDENCE, RHODE ISLAND. 

State of Bhode bland 

ST. LDt;iS, USSODRI. 

Academy of Sdencea 

SANTA BARBARA, CALIPORNU. 

A. a Taylor 

TORONTO, CANADA. 

Canadian Ingtitnte 

Obserraloiy ...., 

WAStONQTON, D. C. 

United Btatea National ObaerTatoiy... 

United States Patent Office 

United States Coast Survey 

United States Treosorv Departncol .. 
Department of AgrlculttUB 

Total 
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pj Europe, for 



ALBAmr, KEW YORK. 

Albany Iiutitnle 

Dndley ObMrralory 

Mew York Stale A^cnlCnral Bocietr. 
Univeraitj of the Stftte of Now York. 

SJale Library 

Prot J. HbII 

FranUin B. HoQgh 

AMHERST, MASSACHUSETTS. 

Amlersl ColkgB 

Dr. E. Hitchcock 

Pior.C.U. ShepbRTd 

ANNAPOLIS, MARVLAND. 

Slate Libru7 of MaryUntl 

ANN ARBOR, HICHIOAN. 

Obaerratory 

Univeraiiy of Michignn 

Dr. BnuiDOW ■ 

AUGUSTA, MAINE. 

Stale LibraiT 

State LnnalicHoapital : 

AUSTIN, TEXAS. 

Slate Library 

BALTIHOBE, MARVLAND. 

ITaiylaod Historical Society 

Dr. JoliaO, Morrie 

B.4TON ROItGE, LOUISIANA. 

Slalo Library 

BOSTON, MASSACHUSETTS. 
Americaa Academy of Aria and Sd- 

American Board of ComaiMioners for 
Foreign UiMiaiu 

Atlantic HonlUy 

Boelon AthenjBant...... 

BoMoD Society of Natural Hiatoiy. .. 

Bowditch Library 

G«ological Survey of HasaochiuettB., 

MuiachoBelta Hirtorical Society 

North American Review 

N(iT England Hiiloiic-QeDcalodcnl 
Society 



BOSTON, MASS. — Continued. 

f crkina Institute and U. 8. Agylv 

for BUnd", 

Prieon Discipline Society 

Public Library 

SUIe Library 

Dr.Cbarlea Beck 

AlvMi Clarke 

Dr. John Dean . 

Dr. A. A. Qonid 

Colonel J. D. Graham 

Kev. Mr. QroQt 

John R. Motley 

Prof. W. B. Ra^rg 



Dr. D. IT Storer 

Hon. Chsjlea Snmner. . 

George Ticknor 

Hon. R. C. Winthrop.. 



BRATTLEBORO', VERMONT. 

Veimont Slate Lunatic Aajrtuin... 
BRODKL\'N, NEW YORK. 

J, C. Brevoort 



BRUNSWICK, MAINE. 



Bowdoin Colle^ 

Prof. P. A. Chadboume. . 
A. S. Packard, jr 



BURUNGTON, tow A. 



BURLINGTON, VERMONT. 

University of Termool 

CAMBRIDUE, MASSACHUSETTS. 

American Association for the Advance- 

ment of Science 

Astronomical Joomal > ... 

Harvard College, 



Cleveland Abbe . . 
Prof. L.Agassiz... 
Prof, 0, P. Bond.. 



Google 



78 REPORT OF THE ASSISTANT 8ECRETAST. 

\)^—Addref>f4 packagriTeceivedbythe8mithionia»lM$titMtum,lfc^~G<>a6iaieA. 



cAMfiKdwi;, WAHo.— Conlimied. 

Pf.f. A.A(r»..U 

(*W. M, /djirk 

».» r.-\<.,n 

I'c-f. W'.li-«i O.nU 

J'«,(, <iw-l»;n 

I«, JJ. A 0.mi-I 

|j«. A... »TBy 

I'f'rf, Mn.rr W. f.,(niKf«llaw 

IW. .I.„r/M«.-rti 

n,*.!-. K. Siium 

i;..t l> l'«(.* 

I-. W I'-.'iifirn 

•I II. h-ff.,(.I 

J l,B„({.l-rti h.I.l«y 

i'.',/ J, K viut^Mm".'.".'.".'.'"!. 
Cc/f, J. W>UM1 

rKu.-«ao, uxnou. 

A'-wI^Kiy ''f HcieiiMi 

i'.Ujwi'i Hi^t'irual Kocietj 

HuliUIli'V llMlJIUUl 

^nKHV^miuiAX 

cibl'ixvati, oino. 

Afi^;<-«n M'-'ll'-n] Collei^ 

Jf^<.,ii<-»tiwi'l IliilMOpiaul Socie^. 

M'r'i'.l'ln I^l/iai; 

tv:r:[::::::::::::::::::::::. 

CLEVEIjUID, OtdO. 

I». J. H. Seirberry 

I UITOX, XBW TOBK. 

II 1 (UAU-VI, 

l|i,.ii)ii"ii i:'.\:'-v^. ObMerrMtmj 

ji,, i; u.i.ivitTi. 

mil. MM*, HrtlMOLlU. 

i,t'n 1IUU, if».Mi 
■sj,. -i 1. tll.|il'ii.«« 



COKCOKD, XEW HAHPSBIKK. 

K«tiir»lHi«toTy8ode*y 

New Hampshire Aajlala tat Iimne. — 
8;*te Libmy , 

DEs MoncBs, IOWA. 

State Libnrj- 

DETROTT, JOCHiaAH. 

llichigan Stole Aj^mltoral Society.. 
Office of Snrver of tbe North Amari- 

c*a Lake* 

Dr. Tqipen 

DOKCBESI^R, aussacBUSETTS. 

Hod. EdwHd EnnU 

Dr. Edward Juris 

EASTOH, PESSSTLVAIHA. 

Dr. Bnckenridfre Clemeni .. 

Prof. James H. Coffin 

ERIE, PE^INBTLVANU. 

Rer. L. Olmstead 

FRASKFOKT, KCMTCCKT. 

Geolooical Snrre; of Kentucky 

State X-ibrary 

GAMBKR, OmO. 

£007011 CoU^e 

OEOROETOWn, D. C 

Cieorgetewn College 

Dr. L MaclutU 

Dr. A. Schoit 

haiuii^bvih:, peknsyltanu. 

Pennsjlvaiiia State Lunatic Hospital. 
State Library 

HARTFORD, CONNEI7TICUT. 

Historical Society of Connecticnt.... 

Betreat for Insane 

State Library 

YoDDfrUen s Institute 

Hon. Benry Barnard 

HUDSON, OHIO. 

Western RewTTo College 

DigitzedbyGOOgle 
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nmlAKAPOIJB, DIDU5A. 



IOWA CITY, IOWA. 



JACKSON, tassisaiFPT. 

SMleLibruy 

JACKSONVILLE, ILLINOIS. 

StUeUMpitsI fortbeLuftoe 

Stile Imtilution for the Bliod 

J.UtESTlMA WISCONSIM. 

Stite ImtilDtion foi tbe Blind 

JET PERSON cmr, HISBOCRI. 

StitaLibraiy 

KALAMAZOO, MtCmOAX. 

Uichigaa Asjlnm for Insane 

LANBINO, MICHIGAN. 

Slate AeTicaltaTal Co11m« 

SUULibrary 

LEiraOTON, KENTUCKY. 

Eutem LanAtic Aaylam...... .... 

LTTTLE ROCK, AltKAXBAS. 

Steto Libriuy 

HADiaON, WISCOKSIH. 

Hitt-iTital SocieiT of WIsconslD .... 
^kanduuTiske Preue-Foreiung.... 
State Librnry __ 

Wucoaain State Agiionltnral Society. 

MOSTPEUER, VERMONT. 

Sl»l«l4br»ry 

HOSTREAL, CANADA. 



McGm Universitv — 
SKnMl History Socie 
Bt.J. W. DawKOtt.. 
Dr.W.H. Kingston. 



NANTUCKET, UA8SACHUSBTT8. 

Kiaa Maria Milcbell 

HEW BRUNSWICK, NEW JEOaEV. 

ProC George H. Cook 



LoDgview Asylum 

NEW HAVEN, CONNECTICUT. 

American JdutdsI of Science 

American Oriental Society 

YaLe CoUege 

Prof. G.J. Brush 

Prof. J. D. Dana 

Prof. Loomis 

E. C. Marsh 

Prof. B. SiUiman , 

Prof. W. D. Whitney , 



NEW ORLEANS, 

New Orleans Academy of Sciences.. 
NEWPORT, RBODE ISLAND. 

United Stales Naval Academy 

NEW YORK, N. r. 

American Agricnltnrist 

American Euinological Sodely .-. 

American Geogra^cal and Statisti- 
cal Society 

American Institute 

Aslor Library ■ 

Parmer and Mechanic 

Historical Society 

Mercantile Library Aasodation 

New York City Asylnm, (BUckweU's 

New York Dental Jonmal 

New York Institation for Blind 

New York ^cceum of Natural History. 

New York Prison AssDciation 

University of the City of New York-. 

K. Van Arsdale 

George Bancroft 

Dr. J. W. Diaper 

Dr. Daniel Eaton 

Dr.Qeabel 

Henry Urinnell 

A. R. Grote 

Mr, Harlan 

Dr. Jacoby -.. 

Dr. Lieber •■■... 

General T. C. de Mosqueia.. 
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NEW SORK, N. T.— CantiiiDed. 

Cbarles B. Norton .>. 

Edwu^ Korton 

Baron OslenSacken, (conanl general. 

fiuasia) 

Dr. Schwab 

Dr. Limrock -- • 

Dr. G. Thorber 

Dr. JohnTorrey X 

NORTHAMPTON, HASSACHtlSETTS. 

state Lanatio Asjliim 

T. Lyman 

OLYMPU, WA8HINDTON TISRTTORV. 

Territorial Library 

OMAUA, NEBRASKA. 

State library 

OWEQO, NEW TOBK. 

R. PmnpeUy 

PEORIA, ILUSOIS. 

Dr. F. Breudel 

PHILADELPHIA, PEKNSTLVANIA. 

Academy of NBtnnil Sciences 

Americao Philosophical Society 

Central Higb School 

Central High School ObBerralaiT 

Entomological Society of Philadolphia, 

rraoklin Institnto. 

Girard College 

Hislorii'al Society of Pennsylvania. .. 
Pcnnaylvanis HorticuUaral Society.., 
Pennsylvania Institution for the BUnd. 
Pennnyl vani a llospi tal foi tho Insane . . 

Pbarmiwealical Association 

Philadelphia Library Company 

■Wagner Free InsUiate 

H. C- Carey 

Pliny Earl Chase 

E. D. Cope 

Eliaa Doiand .... 

Dr. OlioKohnig 

Dr. Isaac Len 

Dr. John L, Leconte 

Dr. Joseph Leidy 

Dr. J. Aitkcn Meigs 

V Packard 

W, 11 Heed 

E, Kohinson 

Dr W. Sbatswood 






FHILADELPHLA, 

Dr, Slack 

Prof. Strier 

G.W.Tryon 

Prof. Wa^er 

Samuel S. Whit* 

PRINCETON, NEW JERSBT. 

College of New Jeney 

Prof. A. Ouyot 

pRorlDENCE, RHODE ISLAND. 

Brown University 

Butloi Hospital for Insane 

Rhode Island Hutoiical Society.. 

State Library 

Prof. Caswell 

(tUEBEC, CANADA. 

Literary and Historical Society 

SACRAMENTO, CAUPmNIA. 

Stale Library .--.- 

SALEM, MASS ACHVSE ITS. 

Essex Institute 

SAN FRAIiaSCO, CAUFORHIA. 

California Academy of Natural Sid- 
Dr. Hay 

ST. LOinS, MISSOURI. 

Deutsche Instilat fOr Beftrdemng der 

Wissenachaiteu .-. 

St. Louis Academy of Sciences 

UnlTersily 

Dr. 0. Engelmann 

Dr. Albeit Koch 

Dr. B. V. Shuroard 

G. C. Swallow 

ST. PAUL, MINNESOTA. 

Historical Society of St. Paul 

SIKO SINO, NEW YORK. 
Dr. George J. Fisher 

SPRIN-Q FIELD, ILLINOIS. 

State Agricultural Society 

State Library 
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ErrOCKTON, CALtPOHNlA. 

Stale Insane Aaylam 

TAUNTON, MASSACHUSETTS. 
SUte Lunatic Hospital 

TOPEKA, KAKBAS. 

State Library 

TORDHTO, CANADA. 

Canadian Itulitnio 

Obseivatory 

TRENTON, NEW JGKSEY. 

Slate Lonalic Hofpiul 

Stale Library 

1 UTICA, NEW TORK. 

State Lunatic Asjlum 

WASillKCTON, p. c. 
Buivati of Ordnance and Hydrograpby. 

Department of A^ricniture 

Knpneer Bureaa 

Otdnaoce Bi^eau 

Library of CooKreas 

Secretary of War 

Surgeon Qeneral. United States onnj. 

Unit«d States Coiat Snrrey 

United States Naval Observatory 

United States Patent Office 



WASHINGTON, D. 



—Continued. 



War Department 

Prof. A. D. Bache 

Prof. 8. P. B^rd 

Misa Dorothea Dix 

CoionelW. H. Emory 

J. Fetgoeon 

Theo. Uill 

Captain J. M. Oiinsx, United States 

Dr. F. vVHayden'.'."!!""!'."".!! 
J. Hitz, (consul goceral, S>vitz«[iand). 

Prof. Hubt)aid 

General HumphrcyH 

Prof. W. E. Jillson 

J. C."G. Kennedy 

Admirals. P. Leo 

F.B. Meek 

H. R. Sthooicraft 

Dr.V 

Jobn Willin 
Prof.Winloct. 
Jobn Xantits. . 



WILI.IAMfttCRC, vinOINlA. 

Eastern Lunatic Ai>yinm 

WOBCESTER, MASSACHUSETTS. 



American Antiqii 
Oalbolic CoUece 
Stale Lnnatic Hospital 



Society. . 



AND COLLBCTIONS. 

Althongh the nddittoiis to tLe collections have not been ns uumcr^as as in 
eome preceding years, their valnc has been conEiderable, as coneisling princi- 
pally of new material from comparatively little known portions of America. 
A detailed list of donations and additions to the museum will be found at the 
end of the present report. The following are the principal regions and eource? 
from which collections have been received. 

Arctic America. — Very lat^e collections of mammals, birtls, eggs, &c.. made 
in the northern porta of British America dnring 1863 and 18G4, and filling 
29 cases, reached Fort Garry in September last, and were forwarded to St. Paul, 
but arrived there after navigation had closed. They arc now on their way to 
Washington by wagon and railroad, and are expected to arrive in a few weeks. 
They embrace many species not previously received from the north, and were 
collected principally by Messrs. MaeFarkue, Loekhart, Jones, Sibbiston, Gau- 
det, Flett, Reid, MactavisU, Gunn, &c„ already well known from repeated men- 
tion in previous reports. A full account of the collection will, it is hoped, be 
presented in the report for 1865. 
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From Labrador email but interesting and instructive collections of birds, tvitb 
Mime c-^pi, were received from JIc- Uenry Conuolly nnd Mr. B, Smitli ; and 
frum Moi««; Factory, from Mr. John MocKcnue, nil of the Hudson's Bay service. 

Pacific coait of lite Untied Stalet. — Sir. J. G, Swan, of Puget sound, ha^; 
ciulinued bis important transmissions illustrating the zoology and ethnology of 
that r'-gioti. Professor Whitney, of the geological survey of California, has 
al-*! ■•till to tbr InKtitution many specimens collected by Dr. J. G. Cooper, 
z'.i;l'.gi-i of the furvey, to bo identified by comparison with the Smithsonian 

Interior region of the United Statet. — Assistant Sui^eon Elliot Coues and 
Aciing AxiiiHtant Surgeon J. A. Beers, h.iving been ordered to report to the 
mil>i;iry commander of New Mexico for duty, left early in the spring for Santa 
F*'-. During their journey tbcy made voluuble collections of birds, which were 
ri'ceivi'il iti good condition. On reaching Santa Fe. Dr. Coues was ordered to 
Fort Wliii)])k-, near Prcstott, the ucwly established capital of Arizona, which 
\\i: tKacUi-a in AuguHt, and where he has been diligently engaged, in the inter- 
valx of IiiH official dut,ii-d. in exploring the noiural history of that interesting 
iijid liitli-'kiiown region. Tbe results of bis labors up to the beginning of No- 
v>-uib<-r, filling three boxes, bave readied San Francisco, and have been ehip- 

iji-d ui the Itii>titution, where they may be expected shortly to arrive, Dt. Beers 
iiu< U'-n siationi'd at Fort Goodwin, on the Gila, and is also mokiog collections 
tli'-ri', none of which, however, have yet been received. 

In April laxt, Acting AesiHtant Surgeon It. Hitz left WashingtOD for Fort 
Iiuramie, to verve an surgeon to a projected western expedition from that post, 
uri'li^r (.'oloriel Collins. During bis term of service. Dr. Hitz made large col- 
|i-i:t)oni< of Hpeeimens, principally on Laramie Peak, which have not yet arrived, 

itig to the freezing up, in the Mtsaouri river, of the steamboat npon which 
Y liud lK:on shipped. 

I May LiKt, Captain John Feilner, let Uuitetl States cavalry, was detailed 
VI ai^company the expedition of Genera! Sully, fitted out to control tbe Sioux 
Iii'lIiinH^f the Upper Missouri, and during his stay at Sioux City, in the month 
of Miiv, collected and forwai-dcd a valuiiblo collection of birds, lie then pro- 
I'f'i'ili'ii fi Fort Rice, a new post at the mouth of Canuoii-ball river, and after- 
wurdM Ntarti.'d with the command on the westward expedition. On the 30th of 
JiKC-, when about 100 miles from Fort Itice, Captain Feilner was ambushed 
by linHtile Indians and mortally wounded, surviving only a few hours. In this 
iinrJiii'-ly d(»th of Captain Feilner the Institution loses one of its most valued 
i''fir'-K|HtiidentM. Many previous Iteports bear testimony to the eervices he has 
r'-ii'|i-r''d to science by his numerous collections of specimens in natural history, 
pK-iinrc'l with unusual skill, nnd made in the — till thcu — unknown regions 
,.)«,iil F-rt Crof>k. California. 

liiitli-rn Uttitid States. — Estcnsive eolleetiona of eggs have been received 
fji.iii Mr. William Wood, of Connecticut, Mr. J. W. Tolmnn, of Illinois, and 
llr Hoy, "f Wi^-consin. Dr. F. V. Uayden and Dr. Craven have furnished 
■mIi'h ill II Kind Iuk ihe invertebrate fauna of the coast of South Carolina. Cap- 
liilii WJlliitiii lloldcn, of the quartermaster's department, supplied a large num- 
ber of ■ir|H-niii mid other reptiles from tbe vicinity of Newbern, North Caroltn». 

Mrjiiii - 'rill- m out imnortant collections received from Mexico, during the 
jeiii', liiivii lieiTi ihnKi- of Mr. Xantus. Mention was made in a previous report 
\il' lil^i iijiiTiili'iiiif about Golima and Manzanillo and vicinity, and of specimens 
\vi-A\ I'll I'l'ii" blni, 'I'lio remainder of tbe collections of 1863 were received in 
t*<ti|. iiiiil lllleil "** boxes, ftwo others still deficient,] consisting of a general 
v>M»luii'iit of llio land and aquatic animals, numerous minerals, and a few 
^Sku)* tif (lie ri'Kl'ii) itivesligaled, and embracing much that is new to science. 

Vt><>M> cnlli't'lliiiiM were due early in the year, but were detained eevcra] 
.MM.W tu Mitnuanillo by the blockade of tlic port by tbe French; and were 
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finally brought to Fanamn on tite United Stated steamer Narragonstett, and de- 
Itvi.'i*ed to tlic Panama Railroad Company, by thei kindness of Commander S. E. 
Woodworth, United States navy. 

Several collections of birds and their eggs from the vicinity of Muzatltm 
have been presented by Colonel A. J. Grayson, an old correspondent of ibo 
Institution. These have provedof much interest, as showing an extension north- 
ward, along the coast, of the Central American fauna, of much greater extent 
than formerly supposed. Colonel Grayson is at present engaged tu exploring 
the oraitbology of the large islands, Thi-ee Marias, kc, off the coast of Mexico, 
and will doubtless make some interesting discoveries. 

Additional collections of birds and other animals, as well .ts of plants, have 
been received from Dr. Charles Sartorius, of Iilirador, a gentleman to whom the 
Institution already owes so much material relative to the natural history of 
Mexico. Collections of birds, mammals and reptiles, in continuation of pre- 
VLOtis ones, have also been presented by Dr. Sumichrast, of Orizaba. 

Br. H. Berendt, long resident in Tabasco, visited the United States early in 
the year, bringing with him valuable collections of uatnral history for the In- 
stitution. These consisted principally of reptiles, among them a complete 
^(i'ibs of the Chelouia, found near Tabasco. 

Ac the present time, an extensive exploration of tlie physical and natural 
history of Yucatan is in progress, of which the Institution expects some of the 
reenlts. It is under the direction of Senor Salazar y Llarregui, well known as 
former Mexican commissipner of the United States and Uexicao boundary 
snrvejr. Dr. Arthur Schott, of whom frequent mention has been made in pre- 
vious reports, as naturalist of tha United States and Hexiean boundary survey, 
Lienteuant Michler's surrey of the Atntto river, &o., baa been attached, in a 
similar capacity, to the Yucataji survey. 

Central America. — An extensive and most important series of birds of Gua- 
temala has been received from Mr. Osbert Salvjn, of London, types of the 
report made on the Guatemalan collections by himself and Hr. F. Godman. 
A valuable collection of Costa Rican birds has been receired from Dr. A. von 
Frantzius, already referred to in previous reports ; and many specimens, also, 
from Mr. J. Carmiol ; the two series embracing an unusual proportion of new 
and rare species. 

From Captain J. M. Dow additional collections of birds of the coast region 
of Central America have been received ; and several collections made by Mr. 
Frederick Uicks have been submitted to my examination. 

SoulA America. — Specimens of birds from Bogota have been presented by 
Mr. J. Kridcr, Mr. J. Akiiurst, and Mr. J. H. Roome. Additional collections 
of birds of Ecuador, of much value, have been received from Hon, J. R. 
Buckalew and Prof. W. Jameson ; and, also, quit:> a number from Mr. Akhurst. 
A collection of birds from the vicinity of La Paz, Bolivia, made and presented 
by Hon. D. K. Cartter, has proved of the greatest interest, embracing, among 
other norcltiea, two new humming birds. A collection of woods from Surinam 
has been received from Mr. Henry Sawyer. 

Weft Indies. — Additional collections from Mr. W. T. March, of Jamaica, and 
from Mr. Charles Wright, Mr. N. H. Bishop, and Dr. F. Gnndlach, of Cnba, 
have tended to make the Smithsonian series of birds from these islands still 
more complete than heretofore. A valuable collection of ehells of Jamaica has 
also been received from Mr. March, and of Cuba from Mr. Wright. 

A series of birds of Nassau, New Providence, presented by Lieutenant Fitz- 
gerald, of the British army, included several species new to the collection. 

In addition to the collections of birds referred to above, as received from 
particular regions, Mr. Ed. Verreaux, of Paris, has presented, through the 
instrumentality of Mr. Jules P. Verreaux, the eminent ornithologist, a large 
number of species from Mexico, Central and South America, embracing manf 
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valuable types, aad of iaeetimablc service in prosecuting the study of Uiddle 
and South American birds, only equalled in tliis respect by the donations of 
Mr. Salvin. 

As might be expected from tbo plan of operations of the Isstilution, the 
collections received from Europe and ibc rest of the Old World, daring the year, 
are much inferior in number and extent to those from America. Among tnese, 
however, should be especially mentioned a scries of Scandinavian Ptarmigans 
and of rare northcni birds, from f rof. C. Sundevall, of Stockliolm ; and of rare 
European cg^, from the Royal Artillery Institution, of Woolwich; Prof. Hai- 
dinger and Prof. Hiirues, on the part of the K. K. Geologiechc Rcichsanstalt, in 
conjunction with the Imperial Mineralogical Museum of Vienna, have presented 
an eiteasivc sericH of fossils of the tertiary basin of Vienna. The K. Ober- 
Bergamt, of Brcslan, has contributed a very useful scries of minerals and mining 
prodnctB, illustrating the mctalltirgy of the royal mining establishment of Silesia. 

I.WESTIOATIOX, IDENTIFICATION, AND BNTBRINU OF COLLECTIONS. 

Steady progress has been made, during the year, in the determination and 
labelling of the collections of the Institution, and the setting aside of tbe 
duplicates, by the different gentlemen to whom specimens have been intrusted 
for the purpose. I have, myself, been engaged, at momenta not otbemisc 
occDpied, in reviewing the entire collection of birds of America, both north 
and south, in charge of the Institution, and in preparing a descriptive catalogue 
for publication in the Smithsonian Miscellaneous Collections. Of this review 
about one hundred and fifty pages have been printed, and an additional por- 
tion is in press. I am indebted to several gentlemen for important aid in car- 
rying out this undertaking, by the loon of specimens necessary for comparison ; 
especially to Mr. Geoi^ N. Lawrence, of New York ; Mr. John Caesin, of 
Philadelphia ; Dr. Samuel Cabot, jr., of Boston ; and Messrs. Edward and 
Alfred Newton and Mr. 0. Salvin, of England. 

Mr, W. S. Morgan, of Washington, has been systematically engaged in 
making i> scries of dntwings of all the varieties of authenticated species of 
North American eggs in the collection, to be used in preparing the illustrutions 
to Dr. Brewer's work on North American Oiilogy. 

The fallowing table shows the amount of work done, during the year, in the 
way of registering the collections. 

Tabic thouiitg the total numixr of nUria on the Tfcord-book* of the Smithto- 
»ian Collecliotu at the end of the year* 1863 and 1K64. 



Skeletons anil ikulls \ 5^6H 



Beptilu 
Fisbos. 



Efg* of bird* . . 
CniiMceans. . . . 
Hollnsks 



FomUs 

Minerals '. 

Etbnol(i(rict)l ■p«cIm«DS 

Amielids 

Total j g5,7S6 



6.275 
7,782 
3S.in 
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If to the above we add the molluec^ catalogued, by Mr. Caroenter, the record 
of which, filling an eotire volume, ie still Id his haodB, it will bring the total 
number of entries folly up to 100,000. Aa in all deparlments, eicepting those 
of mammals, birds, and osteology, each entry may include a large number of 
specimens, it is a fair allowance to estimate an average throughout of live to 
each number, making half a million of objects catalogued (probably many 
more) and marked by permanent labels or hgures. The average number of 
entries for the twelve years during which the system \im becu continued will 
thus exceed 8,000. 

D1STB1BUTI0\ OF DUPLrCATKS, 

A very large number of Bpecimeus have been issued from the duplicate stores 
of the Institution, in 1864, both to public mnseumn .it home and abroad, and 
to gentlemen requiring them for Bpecial investigations. The following table 
exhibits the statistics of distribution as far as they could be reduced to 
figures: 



, Speck.. 


SpecimaD.. 


HammiU 


1 168 


























■■2,m 






Marine iovFctebratea gecerally 


1,072 


v« 






















. J SOT 


16,461 





The estimate, although somewhat approximate, is under the true amount 
of material distributed, rather than iu excess. Every epcclmen included in it 
was carefully and authentically labelled before being issued. Of the birds 
referred to, 360 were mounted duplicates of the United States Exploring Ex- 
pedition, supplied to the Boston Society of Natural History and the Philadelphia 
Academy of Natural Sciences. 

PlttiSG:\T rONDITION OF THE MUSKllM. 

The specimens exhibited iu the museum arc all. apparently, in good condi- 
tion, free from insects, and nearly all properly identified and labelled. The 
series of fishes has been removed from the rooms under the art-gallery and 
placed in the northwest gallery of the museum hall, armuged for their recep- 
tion, A series of casts of interesting Mexican masks and other antiquities, from 
originals in the museum of the American I'hilosophical Society, has been 
placed in the eastern end h( the northeast gallery. 

A large portion of the collections of the exploring cspedii*on and Western 
American shells, intrusted to Mr. Carpenter fitr determination, lias been re- 
turned by him, but tbey remain iu the cases in which they arrived until the 
rest shall have been received, by request of Mr. Carpenter. 



'Approximate number. 
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LrsT OP DONATIONS TO THB MCSEVM DL'RIXO 1864. 

— — . — Box of fossils, Mount Pleasant, lon'a. 

Abert, Tkayer. — Four cases of minerals, (deposited.) 
Adamt, W. II. — lodiau arrow-head from Illinois. 

Akktirit, J. — OoltcctioD of birds of New Granada and Cnba. Skias of birds 
of Ecuador. 

Aldrich, T. — SlielU and iusects from New York. 

Andrews, Prof. B. B. — Meteorite from Ohio ; alcoholic specimens, &c, 

Austin, E. P. — Insects from Michigan. 

Babcocl-; A. L — Skins of birds from Massachusetts. 

Beebc, E. H. — MincraU from Galena, Illinois, 

Beers, Dr. H. A. — Collection of birds from Kansas and New Mexico. 

Berendl, Dr. H. — Specimens of PkijteUa Berendtii from Mexico. Reptiles, 
insects, medicinal plants, &c.. from Tabasco, Mexico. 

Berthoud, Lieutenant E. T. — ^Tooth of mastodon from Kansas. 

Bertineau, Charlet. — AmmonilCi) aud teetb of sharks and saorians from 
Pembina river. 

Bishop. A'. H. — Box of birds from Remedios. 

Blake. J. S. — Four boxes of gold and silver ores from Agua Blauca, Mexico. 

Bland. T^offia*.— Box of West Indian shells. 

Boardman. G. A — ykina of birds ; nest of raven from New Brunswick. 

Bratcner, I. C. — Specimen of monstrosity. 

Brcilau, K. Ober Berg-Amt. — Five boxes of minerals and metallurgical 
specimena from tbo royal mining c^tabli^bment in Silcsia- 

Buchner, Dr. O. — Six boxes of models of German fungi. 

Buckahw, Hon. C. R. — Skins of birds from Ecuador. 

Campjield. H. — Surgical knife used in the revolutionary war. 

Carmiol, Julian. — Two boxes of birds and mammals from Central Costa 
Bica. 

Carpenter, IV. T. — Colluclion of Australian polyzoa. 

Cartler, Hon. D. K. — Series of birds from La Paz, Bolivia. 

Christiania, Ethnologirat Museum of. — Illustrations of Lapland ethnology. 

Collins, Colonel W. O. — Skins of Lcucosticle tephrocotis and Leptis Town- 
scttdii. Fort I^^ramie. 

Connoll;/, Henri/. — Box of birds from Labrador. 

Cooper. Dr. J. G. — Skull of Vulpes littoralis, ."5an Nicolsar island, California. 

Cope, Prof. E. D. — Box of fossil ganoid fishes from England. 

Cosgrore. Lawrence. — Iron pyrites from Fort Scott, District of Colurobia. 

Coues, Dr. Elliot. — Two boxes of birds from Kansas and New Mexico. 

Craceu.. Dr. — Box of mollusea from Uilton Head. 

Dull, tV. — Insects and abells of 3IassachuBeite. 

Davis. R. — Box of fresh-water ahellu of Iowa. 

Day, H. II. — Silver ores from the Savage mine. Virginia city. 

Dobson, W. — Anow-beads, Ciown Point, New York. 

Dold, Andres. — Tooth of elephant. Las Vegas, Ntw Mexico. 

Dow. Captain J. M. — Box of birds from Central America. Skin of Jaguar, 
Central America. 

Fitzgerald, Lietttenant C. L. — Birds and shells of the Bahama islands. 

Flint, Dr. Earl. — Orthoplcrous insect from Nicaragua. 

Foot, Hon. S. — Octopus from Fort Pickens; collected by Captain H. A. 
Smnltey. Ores of iron from Vermont, 

Foster, Colonel J. W. — Cloth from an ancient mound in Ohio. 

Franlzius, Dr. A. von. — Series of birds of Central Costa Rica. 

GaJody, Htm. M. — Insects and crabs from Dominica. iiioolt' 
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Getter, O. H. — Specimen of Reduviu*. 

Gill, Tieodare. — Skins of hummiag birds, reptiles, sbclla, &:c.. West Indiee. 

Gilpin, Dr. J. B. — Shrews nod mice of Nova Scotia, in alcohol. 

Grayson, Colonel A. J. — Collection of birda and egga from vidnity of Ma- 
zatlan. 

Gundlach, Dr. J. — Jlounted birds from Cuba. 

Haidinger, Prof. W. — Sco Vienoa. 

Halt. John H. — Specimens of Brucite from Lancaster county, PeuDsylrania. 

Hai/den, Dr. F. V. — Three boxes of alcoholic collections from Beaufort, 
SoDth Carolina. 

Hepburn, James. — Box of birda from British America. . 

Heramb, Carl. — Shot pouch of eel skin from Norway. 

Holdcn. Captain W. — TItree kegs of serpents from Newbem, North Caro- 

Homes, Dr. — See Vienna. 

Hoy, Dr. P. R — Box. nest and eggs, Wiaconein. 

Jamemn, J'rtrf'. W. — Skina of Tetragimopa Tliamphaalintu and Mervlaxi* 
orlhtmyx and other birds from Ecuador. 

Jouett. U. S. A'„ Captain J. £.— Skin of alligator gar. 

Kreffl. Dr. G. — Scale of Osteogloaaoid fish, collected in Auatraliaby Dr. Leicb- 
hardt. 

Krider, John. — Skins of South American birds. Six skina of birds from 
Bogota. 

Lincoln, C. D. — Birds' eggs from Taunton. 

hippincott, B. — Mosses and beavcr'tail from Oregon. 

Mackenzie, John. — Box of birds from Moose Factory. 

March, W. T. — Shells, with skins and eggs of birda from Jamaica. 

Maximilian, Prince of IVied. — Box of European birds. 

Meigf. Major General M. C. — Timber bored by Teredo. 

Merrii, B. A. — Sheila, lichens, and akin of Arvicola pinetorum from New 
York. 

Odell, Franklin. — Indian relics and quills of porcupines from New Hamp- 

Painc, C. S. — Skin of albino mouse and of Arvicola alborvfescens (1) from 
VurmoDt. Skins of Bonaparte's gull, and nest of Tardus pallatii. 

Palmer, Dr. E. — Box of plants, alcoholic specimens, &c., from Xansaa. 
Three boxes of minerals, plants, zoological specimens, Colorado Territory. 

Parkinson, D. F. — Six Indian skulls from California. ' 

Pease, W. if.— Two boxes of Sandwich ishind shells. 

Philadelphia Academy of Nataral Sciences. — Duplicatee of South Americaa 
birds. 

Po<4e, Henry. — Shells and birda' egga. Cape Breton. 

Prentiss, Dr. D. W. — Birds of Hilton Head, South Carolina. Nest of 
marsh wren. 

Roome, J. H. — Collection of Bogotan birds. 

Rowell, Rep. J. — Box of California shells. 

SaejTtann, L. — Series of.specimens of rocks. 

Samvels, E. .A.^— Egg^ of summer duck and of hooded merganser. Nesta of 
birds from Maine. 

Sartorius, Dr. — IMrds, plants, and ahella from Mirador, Mexico. 

Sawyer, Henry. — One hundred apecies of wood from Dutch Gtitana. 

Shimer, Henry. — Birds from Illinoia. 

SAuCe, James G. — Nest and egga of Dendroica pinas. 

Siler, Andrete L. — FoBsil wood, abclls, and Indian curiosities, Utah. 

Simpton, George B. — Copper apear-head and other relics. 

fimalley. Captain H. A. — Octopus from Fort Pickens, Florida. , - i 
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Sntith, B. — Box of birds from Labrador. 

Sprague, E. T. — Mioerals from Eesex couoty. New York. 

Stimpton, Dr. W. — Zoological collections from Beesley's Point. 

Strong, C. — Silver ores from the Gould & Ourry mme, Virginia city. 

Sufnichrast, Prof. F. — Collection of vertebrata from Uexico. 

Sundevall, Prof. — Skins of birds of Sweden. 

Seotl, AmscI. — Indian relics. 

Swan, Ja$. G. — Three boxes zoological collections and Indian cariosities 
from Pnget Sound. 

Tat/lor, A. S.— Grasshoppers from California. 

"numuon, J. H. — Motella catcdacnta from New Bedford. Uollusca from the 
coast of Ma?tachu3Ctta. 

Tolman, J. H^.— Collection of eggs from Illinois. 

Vdie, Dr. J. W. — Egg of Mergut cucuUatiu and Ectopista migratoria. 

Verreaux, Edward. — Three hundred specimens of birds and ten skins of 
mammals from Central and South America. 

Viema GeotogUcka Reichtantlalf, and the Imperial Mineralogieal Mu- 
*mm. — Six hundred epecies of tertiary fossils of the Vienna basin, furnished by 
Prof. Haidiogcr and Prof. Homes. 

Vjenita Kais. Mineraloguchet JtfWsuwi.— See Geologisches Reich sanetalt. 

Walker, R. L. — Myriajxida from Allf^hany County, Pennsylvania. 

Warreit, Major General G. K. — Skin of Aclodromas macuiata, Pcterebarg. 

Wiiulow, Dr. C. F. — Skin of Daplunt capemU, Peru. 

Wharton, Thomas. — Ores of Nickel, nickel and copper coins, &e. 

Whilneij, Prof. J. D. — Zoological collections of Geological Surrey of Cali- 
fornia. (Deposited.) 

Wood, Dr. W. — Box of eggs from Conncctieul. 

WoolicicA, Royal Artillery Inslitution. — E^s of European birds. 

Wright. Charles. — Birds and shells of Cuba. Box of Cuban land shells. 

Xantut, J. — Numerous boxes zoological collections, Manzanillo, Colima, 
Mexico. 

Yovi^, Prof. C. A- — Specimen of Parmellee Meteorite of February 28, 1S58, 
and of the Meteorite of Now Concord, Guernsey county, Ohio, May 1, 1860. 
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SWEDEN. 



GOAlierg.—KimgViga Velcuskaps-och VitterhetS'Samlulte 

tW— KOngliBH L^iversitetot 

SloitAirfm.— Bureau Central de SUlUtiqae do Suddo 

Kong-Jiga Vetemkapn-AkaJeiuieD 

Koneliea Vittcrbebi-UIaioTieHicb AatiquitDts-Akademien.. 

Bikabibliolekct.. 



t^tata, — KoQcIiga Vetenakapa-Societeten. . 
UiuTersilols ObserrotoriGt 



Btrgen. — Bere^uek Museum.. 

CAruCMDui.— Foianiiie til Norske Fortidsmiudesmerkers Benuioe ■ . 
ttrekeT 



Kongelige Norske UniTorsileC. ■ 
Norwegian Govonnneut - 
Observatoriun 



w Selakab i Chngtitoia- . 



Rcgtjaaik.—Maadx Sliftisbdkasafa .. 



KoDgeligD Nordiske Oldskrilt-S^kob. . 

Naturhialorieke Forening 

Tidskrift fur VeteiioiEr 



DoTfat. — Dorpater Naturfowcher GeseUBchaft H 

Gelefarte EslbDiBcho Gosellscbafl 13 

H«/jiM/bM.— Finsko Likaro SlUskapct 9 

Bocietas Scicntianiin FeDoica 20 

Knamn. — Imper. Kazanakii Univeraitet H 

MotkxB, (JHpiimr. )— Imperal. Obsbudjestro latoiii i Dievnoatei KoMiakib pri Mus- 

fcovskom UDiversiteto !> 

Societe luipfriulo dcs NalnralUles de Uoscou 31 

P«ttBini.— ObsorvBtoito lAp^rial 34 

Renal. — EsUdandische littcraiUcbu UeRollschall 8 

Rigt. — Gesellscbalt t'lir Gcacbicbto uud AlloilbumBkuudo dcr ItuHiBchoti Ostseo 

IVoTinicn ■ 36 

Nalurforachonder ViTcin S4 - 

Si. Pttertburg. — BlblloChck dor EvaDgetiscben Gemeindcn 1 

GidrograpbitsbeakU Uppailamcut Monikago Miaiaterstva 38 

CommissioD Imptrialo ircheologiqno 7 

Imperat. AJiadcniija Nauk '. Ill 

Imper. ArkheologitchcrskojoObahtflbustvo 2 

Imper. PubUtchnajft Biblioieka 3 

Imperat. Kusskoe Geogmpbitahoskoo Obahlabeslvo 37 

Imperat. Voljoo Ekonomitaheakoo Obahlahcstvo "" 
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Ktkie. Pbarmticeuiiscbe GeKpUncbaft 

Knis. KusB. Minerftlogisebe Gcgelliicbart .'-- 

Morakoi-Oulcbouui Comitol 

Murskoje Ministeratvo 

Nikolai Hiupt-Stemwarte - 

Sbtab KorpusBS ^mjkb Ingcneroff - 

WaTMchau, (K'anaui.) — Bibfioleki Toworzystiva Rolniere^ Krolra^va Polnkit^. .- 

UE NEDERI^NDEN, (HOLLAND.) 
Amilerdani, ^yoord' Holland.) — Koninklnko Akndpmio van WetciucbsppfD 

Genootschup (er Bovordoring der Qonees-eD Heelkande 

Koninkljjk Zoologiscb GcDuolscbap "Natnra Artis Uogistra" 

Stadsbibliolheek v 

Maalachappj: Tot BovorderJDg dor Bouirkunst .-■ 

Vereenieiiig voor Volksvlijt 

WiskUDairGonooiflcbAp: "Enn onveiDioeido Arbeit! komt allei te boveD"... 

Amhtm, (GdderTaad.y—Gvaoolrichap "Tot Not en VergoDoei^n" 

Ddfi. (Zuid- Holland.) — lioniuklijk iDStituut van Taal-, I^ad-cn Volfconkuado van 

KeJcrl. Indid 

Dmnter, (OwrjweJ.)— Openliare Bibliotbcok 

t'Graceiihagt, {Tht llagut.) (Zuid-Hottand.) — Govcmnieiit of the Notberlands 

Koniaklijk InstituDt tud iDgenleurs 

NederlaadRcbe Eatomologiscbe VeTrenif^ng — 

Groninge* (Groniagm.) — Academia Gcouingaiia 

OoDOOtacbap to GroDiii([eD pro tjcolondo Jure Palrio 

Genootscbap ter Jtevordering dL-r KuluurkundiB Wctcnschappen 

ttaarUni, ( lioord-HnUand. )—HoV,aiidsrhii Mautscljnppij der Welonschappeii 

Nodorlandsche Maaisclmppij Icr Bcvordoring viin Nijverheid 

MnB«oTejlor 

Htrlogtnbatth, {Koord-Brobaal.) — ProviDciaat Gcnootfcbap van KudsIcd CD WctCD- 

Bcbappcn in Noord-Brabaat 

LttuieaTdtii,{FTietlaad,) — Friescb Genootecban van Gcschied-oudbeid'Cn tonlknnde. 
Ltiden, (Zuirf-Z/at/aBrfO—ArAdcmialinBduDO-UalavB 

Maalscbappij der Nedorlandgche Leiierkundo 

Rijk'A MllBoam vaD Natuurlijko GcacbiodcnU 

Siolpiaaoach Legnat 

HiddMuTg, (ZtcfuNi/.)— ZecunscbHlcDoaUcbttp der WelonHchappen 

BoUtrdam, {Zaid'Hi>ltand.)—iiBliiafadi Gcnoucscbap der Proefoudervinddijke TVijg- 

l>ogeoile — 

Virtdil, ^I/tnrAl.)— Acaduinialtbc'iio-TrajiKtiiia 

Hiitorisch GoaooUchap 

Kotimklijk NedorlaDdscb Hctouruk^iscb lustitnut . -. • 

Obser vadium ." 

Provinciaal Utrccbtocb Gooootaehap van KiiQ«l(<n eu Wetenschappeo 

ZteeUt, iOetrjiutl.)—OyerjatMlBCbf Vcrfcniging lot Outnrikkeling van Proviaciale 
WolTdart 

Vereeuiging tot beoefcning vao Overyssclsch Regl en Gcscbiedenis 

GEIIMANV, INCLIDIN-n ALSTttIA ASH PRrSSlA. 

DoDlacbe OmilholofreD'OeDellscbBrt — 

VerEammlung Deatscber Naturforscbcr und Aerzio 

Agram, (Axtiria.) — Redaction der Gonpodarsko Lint 

Atltubtag, (SaM-JI(e»iiirf,)— Or»ch'icbiB-nnd Alterthnmaforsrbende Gesell«chaft. .. 

Naturforschendo Geselbchari dos Oslerlanden 

Jatftoci, (i(a»aria.)~Ui*''>'"'»eber Vcrein in Mttteirranken 

Amg^mfgt (Bararia.)— Hintoriichor Vorein fiir Schwabon imd Nehburg 

Land wirl back. Vcr«D von Scbwabeo und Neuburg 

NaturbistoriflrbeT Veroin 

Redaction der Wochensehrill Tur Tbicrlioilkundo nnd Vtebzurht 

Bambtrg, (Bacaria.) — NalurfomchcndB OeapUacbaft 

Btndorf, (PriiWM.)— DcutscboGcsclUchaftfilr Psychialrio nnd gerichtlicbe Peycbo- 

Berlin, (Pnutia. ) — i^eine MajesUt der Kiinig ron PrcoMen 

Konigtin Elizabetb ■. 

AcclimatiRntions.Veri'iii Turdio Preius. Staaten 

Central Vcicinfur das Wohl der nrbcitcudcn KJassen 

Deut8cbo Goologischo Graellsehaft -. 

Entomologlseber Vcrein , 

QcBollscball fur Krdkundo 
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KouiglicbM LaDdes-OecDDomie-Collepnin 197 

Kdaifcllcb Prenssische AkodemiD der WissenscbarieD 16 

EoniKHch PraassUchcr Generslslab dcr Armse J6 

K6iiif;Ucli Pronuiacbe Tecbaiicbe BoD-Depatetioii 17 

PhyaikaJiache GeBellscli»(l 15 

PolTtocImischo Gesellschaft ._. IS 

Bedaction des LandwirthacliAfilicbea Centralblntt fur DeuCschlanil 35 

BedacUoit dea Luidwinlischaftl. ZeitUD^ fur Nord- und Mittcl-DeDtscbland. .. 19 

Redaction dsi SCutiatbichen Ccntral-Arcbivs, (Dr. O. Hubncr) 1 

StatUtiaches Bureau ., fl 

SlunopaphischM Verein , II 

UniveniitaU-Sleniwmw 7 

Verein Dealscber lageDieoie 40 

Verein fur EispnbBbukiiade 15 

Verein iiir Ilefordomng des Gartenbaues- 319 

Verein zur Bofordoniug des Gcwerbffleissert in I'rpiisseii J 

Btrnlmrg, (jlnAiJi.)— NorJdeuUcber Apotbeticr- Verein 16 

Btanktabmrg. <BniiMtf>rL.)— Saturn issenacbaftlicber Vi^rciu des Harzeg 3 

Benw, (Pnifjio,)— K. Stcmvrnrte 6 

Natarbistoriicher Vcroiu dor pTeoiuiiicben Rbcinlando iind Weetphatens 5 

Redftclion dra Wie);°iann'scben Archivs fur Salurgescbictle, (Prof, TroBchel) 31 

Universitati-Bibliolhek 168 

UniTeraitalS'Slomnarl^ 6 

Vorein Ton Allerlbuoisfreanden im RheinltmdK 11 

BTaiin$ehatig, {BruKiaick.) — ¥. Vieweg und Sohn 10 

BTemn, (Nimc-Tiupi).)— Stadt-Bibliolhek 21 

Brttlau, (I'Tutsitt.) — Gpworbe-Vercin 79 

Kflnigl. ProuBs. Obcr- Berg- Ami, 19 

SchlcBiacho Blindou-UnteiridiU-Angtall' 7 

SchlesiBcbe GmiellBchaft fiir vsCerlandische Cullur 18 

Sc hies lachcr Verein I'lir Uarg- und HUltenknode 2 

Briinm, (Aaiiria.) — K. K. Mahriscb-achlosiscbeGeseilachaft fur Ackerbau Natur- und 

Landogkunde 7 

NaturforBchendor Verein 1 

Weroet- Verein lar geoloBi''cben DurcbforHcbuDg von Mahrcn und Scblesion.. 8 

Buda, (^iixrin.)— AMaCTarTudomanyos Ahademia lOS 

CtUt, (//aimorer.)— Landwirthsebaf^licteGosellschnfl 38 

CAtwaic. — K. Gewerbschuln j. 4 

Chemnitz. — Redaction des DeulBL'hes Induxtrie Zeitung 114 

OlTentlicbe Handcla-Lehranswll 2 

Danzig, (Pmsiio.)— Nnlnrforscbende Oesrllschart 10 

DarmttadtAHmia.) — GroasberzogliuhHeBitiarheCentfnl-Stelli'rurdieLaudcHSiatiatlk 4 

Grossheri. HeBsischer Govrei'ljc-Vorciu 16 

Mitlelrbeiniach-geologiBclicr Verein , 7 

Verein fur Erdkunile u. I'erwBndto Wiasenscbafteb 30 

Diidtthrim, (Bararia.)— Pollicliia; Xalurwiiiaensebaftlifber Venin der baycriscben 

Pfitl* 22 

Datau, {AiAali.) — Xaturhistociaebcr Vi'retD 23 

DnuUn, (Soimj,)— Seine MigeBtiitder KOnig von Sachson 26 

Gosellacbftfl "Isis." 5 

Kandela Leiir-Anatalt 8 

Kaiserlicbo Leopold ino-CurutiniBcbe DeutBcbe Akademie 3 

KonigUche Blindcn-Aaalnlc 6 

K. PolylechniBcbe Scbuli- 4 

Sacbsiache Ir^nieiir-Vi-rein 4 

StaliBliscbeB Bureau 13 

EittHotk. — Orosshera. Carl Pricdrieb Gymnasinm 2 

Groaaberz. Eeoi-Gyninosinm 2 

Elberftld, ( Prusui. )— ^aiurwiasonarhai'il. Verein t. Elberfeld n. Barmen 4 

Wnpperl baler Tbierncbutz- Verein 1 

Eldtna, (PraMia.)— Baltiscber CVntral Verein 55 

K. P. Staafa-nad landwirthacbafll. Akademie Eldena 15 

EmdtH. (/fnaiuMr.)— Naturforschcnde Gesellscbaft 20 

Em; (JVuia*.)~BodacrLon der BalneologiBcben Zeitime 4 

ErfuTt, (PrBM>a.)~AkadeaiieGeineinnuliigt<r WisaeDachaften 4 

Franhfart-am-Maiit, (Hante-Toicn.) — OarteDbsagcseliEchaft "Flora" 4 

Pbysikaliacber Verein $ 

Sonckenbergiaebo naturforscbende Gcaellscbaft 9 

Verein fur Geographie und Statiatik . 

Zoologiicbo Geselfcchaft 



Xioogf^ 
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FnUierg, (5010119,) — KCniKlich Schsische BergskademM 

FTtiiurg, {Baden.) — Gesellachoft (lir BefOrdenmg der NatarvriM«D>chkfteii 

UniveraitilB-Blbliothek 

Friedbtrg, (f/uns.]— Blindon-Aiutalt 

Isubslununcn-Anslalt 

OUtten, {Ht$na.) — ObethsMischo 0«Mllacb>ft fur VUur- and Hoilknnde 

Univeraititg-Bibliolbak 

Gerliti,(Pmsaia.) — NatnrforscheDde QeselUchaTt 

Oberlausitxrr Gegellscbaft der Wisseiucliarteii • 

Vercin fiir Hiihnerirucht — 

Gitlingtn, (IlanitottT )— Koni^liche Gesellschan der WuMDSchafieD 

GeOia, (SBit-Koiurc.Gorto.)— Oeographiscbe Anslalt 

Hers. BibliotLek der Fried ens'.ein'Hcbeii Saminlungen ; 

Thiinn^er Gartenbau-Verein ■ 

GrSti, (^winB,)— GeoBnoHtiHch-Monlaiiistiitcber Vercin fiir SMiennark 

Hifltorischer Vercio filr Sleiennaik - 

K. K. SteiermarkUuho LandwiTthscbafU-OeseUgcban 

Sltiormirkineber Industrie- iind Goworbe-Verein 

Gniftaaid, (Pniaita.)— Uiiivorsilais-Bibliolbek 

Gttm^men, (Prusiia.) — Land wtrthschalllicbei Central Vciein fur LitMnenutid Ha- 

HalU, (Pni»«io.)— Nalurforschendo GewlUchaft 

Nalurwiaseujichaftliclivr VereiQ Tut Sacliscn und Tbiirinnu 

Tbiiringiscb-SacbsJavher Vercin iiir vaterlandische AlMminuukiuide 

Univprnitits-Bibliothek 

Iltmburg, (//mueTami.)— AlJgemeine Armcn-AnBMIt 

Commerz-Blbliutbek 

NHtarwiaxenscbatl'iicber VereiD • '.. 

Slndl-Bibliothek 

Vorem fur Hambiu^scbp Qeachichls - 

Hanau, (Hcasin.)— Wcttemuor GesellBchaft fiir dio Keaammie Natorkande 

Hanneter. — Apothcker Verein in Nord-DeulBchloDd. 

Arcbitecten- uod Ii^oniour-Vcreih 

HannovcT, (Hoiino»fr.>— Gowerbe-Veiein fur das^aa K, Uaniiover. 

Historiacbfr Verein fur Niedersacbsen - 

KODifflicho Bibliothek 

Naturhisloriscbo Gescllscbaft 

Polf techniscbo Scbule 

Htiddbtrg, (Badtn.)— Naturhislorisrh-mcdiciDischer Vereia 

Univernitits-Bibliolbek 

Htrmanailadt, (.-iHairiii.)— SiebenbuigiHcb<y Vorein fur NaluiwiBsenjcluiftMi 

VrraiQ fur Sinbonbilrgiache Lattdeskunde 

Innibfuck, (Autlriti.) — FcrdinandeDm -- - ■ 

Jeaa, ( Saie- Ifei m a r.)— Laud n'irtbschaftBlicbe InRtiim 

McdiciDisch-KaturwiB!ionseba(i'iicbeGesa!UcbaCt - 

UniverHilila-Bililiolhijk 

KBriimU, (Baden.) — CeatraUtollo fiir die Liandnirlbitchsll 

Groasberzogliche HofbiblJolbek 

Kauel, {Hcssia.) — K. Commission fur LaDdwirtbschaftliche An^ieganheiMn in Kur- 

Kitl, (HilMeiB.)— Lui(iu'inbscbaillit:ber Generalvcrein des Ilttrzogtbiuns Holslein... 

Redaction dor Schul-ZcilUD^ 

S. H. L. Geraiiscliart fur d^e Siunmlung und Erlut'iiiini; vaierl. A^lcrthUmer. . . 

Scblcan-ig-Holsloin.LauQDburgiscbe G^lsubaft fur vaterlandischo Geschicbte 

Univpraiuts-Bibliothok 

Vc rein nord lie b dor Elbe fur Voibrcituog NaLnrwisseDscbafllicber Eenntnisa.. 
Klagenfurl, {Aaitria.) — K. K. Lundivirlhschal^.B.GeBOllscbaft 

Nalurhistarigclics Mnacnm 

Klauitaburg, (Auttria.) — ErdMvJ Museum E^!ot- 

KOnigsberg, i_Pniatitt.) — Central atclle der I.andwirtbachaftlicbon Vereine dea Ee^ie- 
ruDg4- Itcrirkit Konigsberg 

OBlpreuuiscbePbysikaliscb-Okonomischo Geoellscbad 



railals-Bibliolbek 

Krakau, i^^ii.vfri*.)— 0. K. TowarzTRtnoNaukoireKrakonsbie.. 

Uuiwersylet Kntkowaki 

SlertiwBrlo 

Knmsmumlir, {Austria.)— Sierawarui 

l.iiibacli, (.liisina.l— Landea-Mnseum 

Junsliscbr Geseilschftft 
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LaaJiliat. — HistariBcber VemiD fiir Kiederbaynra 17 

Leifiig. (Saums)— Den tacha Morgenfiadiacha GeaeltBcbiTt 36 

F. A, Brockbaus" Verlagnbachhandlnne 89 

Fiimtlich Jablonowski'ache Geadlachiift. 5 

Kaaiglich Sacbsische Oeaiilscban der WisscnachaflcD SO 

I'olytochniscbe Gesellnchaft S 

Redaction der Deutsche Landwirthe ..; 12 

Tuabstummen AnsUlt 3 

nuiversilaU-Bibliothek 66 

Votein Ton Freunde der Erdktmde 4 

Lin:, lAii$lria.) — Ilandals- und GewerbekammeT Oberosterreictu S5 

MuBeum Franciaco-Carolinum ,, 9 

Lsiidi,(Hanse'Toiea.)—MasBamfaiK}nMtani Natur 2 

LUnitnrg, (HameBer.)—Sa.taimiaBeaschall\icher Verein 7 

Lmumtomrg, {Lmxtaiarg.) — Soci^l^dea Sciences Natnrellea du Grand-Uuchd do Lai- 

embuurr - 3 

3oci6tl^ pour la Kecberohe et la CoDservatioa dea Mouameiita Htatoriqiioa dans 

le Oraad-Ducb^ do LuxemboDrc II 

Mains, (//cjsio.) — Groisbcrioglich Handeta-KsniDier - ., I 

MamlKim, { floifcii. )— StornwartB 1 

Vorain fur Naturkuodo .' 6 

tfariarf, (Hciiia.)-— QeaelUcbaft EOrBefSdenini'dereesaininletiNatarn'igMmsi^Mftca 3 

Univeraitita-Bibliothek .....;. 149 

Mtiningtii, (Soze-AftiKiNfra,)— Tercin fiir Pomotorie und Gartenban 8 

Mdiieit, (Saiong.) — Naturwiasenachaftlicho "laia 4 

Mertetarg, (i'nMiia.)—LandwirthscWllicberCcnlnil- Verein Tiir die ProvinK Saobsen 6 

Maeritz. — KOniglicbo Realachulo ] 

AfOweAn, (afuiticA,) {BaForio.)^B»varian01ovefanieiit 5 

Baicriacben Oartcnbau Goaellacbaft 3 

KOniglicb Baieriecbe Akademio dor Wiascnscbaflcn 59 

Koniglicbo Hof- nnd Sloate-Bibliolbek 152 

Landwitlbacbaftlichcr Verein 33 

Poly technischer Verein 2 

Stemwarlo .*. , 7 

.Vtiiu — K. Kaiboliacho Gymnasium 7 

Philoinalhiache GeaBllnchaft C 

Itealschnle 9 

X€u-Brandti^iirg, {Mtckltnburg.) — Verrfn der Krenndc der Nalnrgeschichle in Meck- 

, lenbnrg 7 

Hinitrg. (Basaria.) — Gennaniscbea Museum 50 

Naturhiatoriacbe Geselliicbaft ^ 4 

Offfiacli. (ff««iii.)— VaroinfurNalurkunde 5 

Groasheraiwlicb Handcla-Kamnier ■ 1 

OUenbitrg, ((Xd«iit«rfl.)— Groasberioglicbe Bibliotliek 1 

WmOti. (/liuiria.)— K. K. Ober-KoaTchule 2 

K. K- Gymnasium 3 

UniTcniUta-BibUotbek 233 

Pstiau, (Baearia.) — Naturbiatoriaeber Verein 5 

Praktiscbo Uartcabau-Geaell. in Buem 13 

Pt$lli, (.luifrul.t—Kiraifi Marrar TenueszottadomAnvi Tirsulnt 10 

UniveraiBta-Bibliothek 6 

PalMdaM, (frMita.)—BotaniHbor Verein riir die Prorinz Bmndenburj; II 

Prag, (_ Austria.) — Koniglicb BAhmiacbe Gcsellacliaft der Wiaaenacbailen 22 

K. K. Patrioiiieh-OkooomiscboOegellscbaft 15 

K. K, Stcniwarte 3 

Verein fur Geachicblo der Dcutscbeo in Buhnten 15 

Pnuiurg, (Aiuiria,) — Verein fiir Naturkaodo - 6 

RtgentbHTg, [ Bavaria.) — HisloriacboT Verein fiir die Ober-I'AiIx 13 

K. Ilaicritcbu Ajiatbeker Veroin - ■ ■■ 9 

K. Baioriacbo bouniacbe Gcaetlachait 10 

ZoologiHcb-MineraWiacher Voroin .-• 12 

Rttlock, (AfetjHritJdv.)— Mockienburelsche PaMotiacber Voroio 3 

UnivoraitnM-Bibliolbek S4 

Saliiarg, {Aiuiria.) — VaterUndiacbea Mnaoum Carol ino-Anguatcnm 11 

Sdaetrim, ( Meehtenbarg-Schaieria.) — GtoanberiM^llcbes Slatistiacbes Bnreau 17 

Verein fur MGcklonburgiacbe Geacbichte und Allertbamakunde 10 

Suaia, (Pruttia.) — Eotomologiscber Verein ■ .- 12 

JIUIfarl(tfartMm&(r;.)—Gewerbe- Verein 22 

K. Contralalelle fiir die Land wirtbacbafl 81 

K. CeDlralatnlle fiir Gewerbe und Handel -.. SB 
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K. OlTeDlliche BiblJothck 3 

K. Static ti^L-L-topo^rapIiiacbes BureuU 9 

MoDnUcbnll fur Pouiologic imd praklUcbcn Obstbuu • II 

Vereia fiir Vntcrlnni] Naturknodo in Wiirltcmbprg , 8 

VpTcinzur Fursorge fiir cntlasspou Strofgirfangeuo 7 

Wiirtlembcrgischor AIliTlUuras-Vi'rciu 7 

Wiirltembt'iKiBcher Xrzilk'lipr Vercin - 2 

Tharand, (Saiony.) — KOniglich Socha. Akotlciuic fur Forst und Landwirthe 'i 

Trittte. (ilutria.)— Civico Musco Fcrdmamlo-UaasimiUaDO .- U 

GarteDbuu-UcscUscbaft dca Litoraln -. 11 

K. K. Hjdrogrn|ititscha-AiiBtnlt uiid Muriuc-SlerDn-wte, (Direclor, Dr. Scboab) I] 

SocieW Scion (ificc) Lrllcrariii dcllc Miiicrv>i S4 

Wtimar, (Sait-lliimar.) — GcograpbiBcbeB iDstllQI tU 

Groesherzcieliclio GrmnaKiuiii 'i 

Wilbelm-Knisi G^uiDaiiura 'i 

trim, (Fienna,) (iliiftna.)— H^di-ograpbiAcbe AmUlt der Kais. Outer. Marina 'i 

kuisprlielie Akndi'jnic der WUspuscbofien 240 

K. K. Central- Auslalt fur McicorulORic ii. Erd-Magnciism I 

K. K. Uircrtioo d(M AdmiDiattntivi'U Stutiitik 4 

K. K. Geopranbiacbc (Jpaellschaft 12 

K. K. Georogisclm KoicbsanWalt 24 

K. K. Hof- und Staatsdrutkeiti 18 

K. K. LaDdwirthschaft-Guscllschaft 36 

K. K, Uarine.Obcr-L'miiinftodo 3 

K, K. Stemwatto 42 

K. K. ZooIogiHch-DotaniscbaGi^sclIscbaft 20 

Ostcrr. iDf^nioiiT-Vcroin 57 

Redaction iler Entomologincben MonalMchrifl 68 

Redaction dor OHtcrroicbischcn Zeifacbrift fiir Berg-und Huttenknnde 1 

Redaction dor OHlerreichiitchcn Zeilscbrit) fiir praktiiclie Hellknnde 53 

Rcilaclion di>r Oal ond West 3 

Univeniilnls.Biblioibok ■. 2 

ffUdiadtn, (Aanaii.)— Vcrcin fiir Nassaniscbe GcwMchto u. AllertbDmskiiiiile 7 

Verein fiir NalurkiiiiOt' _. Ifi 

Worm*, (Httte-DariBtlaHl.) — Orofldiprs. UandeU-Kammer 2 

HnnbuTg, (Btnaria.) — Iliatorischer Verein von Untcifrankon und Ascbaffenbarg. .- ]& 

PbyRikaliscb-McdiciniscbeGcseltEchaft 46 

rolxlecbnischcr Vercin 10 

Univereilats-Bibliolbpk 233 

Vorein fiir Nassau iscbc Altcrtbrnnakundo und GMchicbtsfbrscbnng; 17 

switKerlaks. 

Aanu. — AawKnlschp ?i:ituriotacbpndc OosclUchaft 6 

Baitt. — Gesfllachaft fu.- vatcrlandischo Allertbiimcr ]1 

Natnrforschcnd > Gescllsthafl - 6 

Uni vers] lata- B:b!ii>tiiek 10 

Bern. — Allgeuicina Scbweizeriscbo Go9cllecbaft fiir die gesammlem KalnrwlBtai- 

scbaflcn 18 

Coiutil F6ddral Suisse 7 

Nalurforachende Gpv^Uichaft 6 

OkanomiRcho Ocselischaft dcs Kanlons Bim 5" 

UDiTersitalfl-Bibliulbck 52 

Chur. — Naturfoncbnnde Gosetl«chafl Gratibundens -. 9 

Otnite — InstimtSalionHlGoncvoig , g 

SocidtiS Gene voiso d'U til it6 Pnbliqno 6 

SocicllSde Gcoiprapbio 3 

Society do Phyniquoel d'Hislolro NalurcUa 5 

Ma«. — Asilcdea.iveiifflcs do Lausanne 6 

Socioli^ dHlsloirodii la Suisse Romande 4 

Socicii^ Vaadoi-o dps Sdences Nalurelles 7 

.Keneiald.—Sociitd des Sciences Naturellcs fi 

St. Oa//«.— Nam rwis sense huftiicbcGeaelUchaft 5 

Ztrick. — ficole Poly lei-hni quo Feddralc ]3 

* Naturforscbendp Ocsi'llscbal^ ■- . 7 

IJniversilalB'Bibliolhck gl 

AnMTi, {itnlwrrp.) — Socielo do Pharmacio , 

Soci6i6 Pubwontulogiqno do Bclgiquo , 
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BntxtiUt, (Ariuic/a.)— Acad^mie Romaic des Sciences, dcs Lettiea et des Bcam-Aita 

doB«lgique 5S 

El&blisscmcDt GeograpMque Je Bruxellea 51 

Observutolro Rmral - 10 

Sociulc Koyale Liniiecuiic do Bmxelles 1 

Gand, iGlieia.)~Umvi!rsH6 1 '... 6 

Litge. — Sot\6t6 Royale des Sciences .'... 5 "■ 

" ■ it<j Catbolique 160 






Xiraa, — SocietO Jos Sciences, des Aits et des Laltres du H^aaut . . 



Institut des Provinces de France 1 

Uongres Scienlifique do Fmnce , Z 

vlWeniUe.— Soci6t6 Imp6riftle d'Emulalion 7 

Amitti».—%txXil.6 des Anliqualres de Picardie ' 5 

Angert. — Socil^l^ Linndennes du Department de Haine^t-Lolie 3 

3oci6tii Acud^miqito do Maine-et-Loire 16. 

B<:Kr», Cm™ii/(,)— SocitteArcbSologiqne 4 

BonUuKx. — Acad. Imparl ale des Sciences, Bellai-Lettres et Arts 20 

Aeadfimie de BordoaiU 1 

Cbambro de Commerca 20 

Soci^ie d'Uorticultarti do la Qironde 9 

Society des Sciences Pbvaiquea et Natnrelles 2 

Socigl^ Pliilomathique de Bordeaux 16- 

SodSld Linutenne do- Bordeaux 10 

Caen. — Acadi^mie des Sciences, Art et Belles-Lettics 7 

Soci6tS des Anliquaires des Normandie 5 

Soci6t6 LinruSenae de Nonaaodie ; 17 

Si>ci6t6 da M6dBCine de Caen 2 

Ckamhtrg, — 6oci£t6 Imp. Aciid6miqao de Savoio .- 4 

CkiloM-tur-Marnt. — SociStfi d'Agriculture, Commerce ct Sciences do la Hame 21 

Cktrbonre. — 8oci£t6 Imp. des Sciences Naturolles du Cboiljourg 5 

Pijoa. — Acad^miedna Sciences, Arts ct Bellos-Lettiea do Dijon 3 

Soci6uS d'A^icnlture ot d'lndustiie A^iculo dn Department do la Cdle d'Or.. 50 

Uoaai.—Mus^um d'Histoire Nuturelle 6 

Dunktrgue. — Saci6t6 Dunkerquoiso pour i'Eucouragement des Sciences 3- 

Evnmz. — Soci<Sl4 Libre d'ARTiculCure, Sciences, Arts et Belles.Lettrcs de I'Bure 2 

L« Jtfaiw.— Si>ciiSt6 d'AgricuUnrc, Science et Arts de la Siithe 20 

Lson. — Soci6l4 Xmpfirialo d« l'A4rri culture, Histoire Naturelle et Arts Utiles do Lyon. 5 

Acoddmiodea Sciences, Bell es-Le ttrea et Arts deLfon ,". D 

SocifitS HjdronnStriquo do Lyon *. 3 

iffdt. — 8oci6lfl d'Agriculture, Induairie, Sciencos et Artsdu D6parloinent do la Lozdre 56 

Mttz. — Academic Imp6riale de Mctz 6 

Society d'Histoire Natural lo du D^partement de la Moselle 1 

MoulptUier. — Soci£l6 Arch^alogique de Montpellier !> 

Acaddmie des Sciences et Lettres de Hantpetlier 13 

JtfuUnn.— Sod^tfi Industrielle 5!) 

Hancf. — Acad^mio do Slanislaa 33 

Afi«u.— Acadfimio du Qard & 

fari*.— BibliotbiJquo Imp^rialo 1 

ficolo Imp6riale dea Minoa 20 

Ins titut do France 35 

Inslitnt Histoiiquos de Fnuice 53 

MinistSre de la U ueire- 29 

Miniature de la Marino at dee Colonies 55 

Museum d'Uistoiro Naturelle 4 

Observntoiio Imperial 33 

Societ4 d'Anthropo logic . 3 

Socifif^ do BJologio 8 

8oci6i6 de GSogiaphie 17 

8oci<^t6 Eutomologiquo II 

Society Fian^ise do SlatisUqii«« UniveneUe, {Aaal. Nat. Agr. Mam^attwr. ct 

Commtrciatt) 53 

Soci^Ui G^Wique de Franco 30 

Sod^lo lmp6rialo et Centrolo d'Horticnlture do Paris M 

Soci^td M^dicalo Homceopiitluque % 

Soci^td Mel^onilogiquc de Franco 34 

Society Pbilomatique 4 

Socielli Zuologiqne d'Acclimotatiou ,.,.... 6S 
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Boatw. — Acodumio clcs Sciences, Bclles-Lettrcs ct Arts <3e Ronen 

Ssial-QKCHliH. — SorictiS Academiquo des Scieoccs, Arts, UclleE-Lottres, at Agiicnltnn 
SlnutoBr;. — Saci^t6 <lea SctcDcos Nsturcllcs do Slrasboure 

Socivto <Ios ScicncoB, Agriciilturo c( Arts <lu Baa-limn 

TratlMuc. — Acai]6mia dea Scieuces, IiucriptioDS el Bcllcs-Lcllres de Tonlouse 

Socitl^ Imp6iialo <]o M^decine, Cbirurgio et Pbannocio do Toulouse 

Toart-^^ocii;!^ irAgriculture, dca Sciences, <lc8 Aria cl dca Bcllea-LeUres 

ITALY. 

Bergamo. — Society Induitiialo Bergamaaca 

Bologna. — Accademia dcUe Scienze dell' lalituto di Bolog;na 

FireKtt, (Florence.)-~^Reale Uuseo di tlsica e Storia Nalurale di t^renM 

Gtnova. [Genoa.) — Acch. per la Zoologia, rAnatomia e la Phjsiolo^ 

Xilamo. — Aaaociazioue A^icola Lombarda di Coitedel Palasio 

Aleneo di Scienze, Letteie cd Arti 

Ospedala Ua^ioro di Milsno 

Oaaervalorio 

Imp. Rezio latituto Lombardodi Sdenze, Lettereed Arti 

SocietA Geologicft „ 

Socictit ItaJinnadi Scienze Naturali 

Modtna. — Society Italians ddla Scienze 

Napoli, {\aj>Ui.) — Accademia degll Aapiianti NaluralieU 

Bealo Accademia dclle Science o Belle Letteie 

Socieli Eeflle di Napoli 

PadoBtt, (PaJiut. )— Impenale Regia Accademia di Scienze, Lflttcieed Arti di Padova 

Palermo. — Accadeibia Palermitaua di Scienze aLettere 

Realu Osserralorio 

R. Islituto d'lucoca^giamcnto di AKricoltura, Arli e Mamf^ture in Sicilia 

SocicU di Aci:limnzii)iie a di AgricoTtuia in Sicilia 

Aona. — Accademm Pontificia dei Nuovi Liiic«i 

Coirispondoozn Scienlifica in Roma . . . .' 

Gavemo Pontoficio 

Oaaerralorio Aatronomico del Collogio Komano -.. 

SU»a. — Accademia dl Fisiocritici 

Torimo, (TurtaO — Accademia Realo dclle Scienze 

Vdint. — AsHociozlono Aciaria Friulana . 

Vemtiui, (Venia.) — I. R. Islilulo Vcneto di Scienze, Letters cd Aiti 

MecbilsristcD-Coilegiuni 

Vrrana. — Accademia d'A^icoltura, Commercio ed Aili di Verona 

POKTL'GAL. 

Litbaa, (Lufttnt.)— Academia Realdaa Sciencias 

OlfservBlorio do Intanto D. Luij 

SPAIH. 
Madrid.— 'B/i»\ Acadomia do Cicncias de Madrid 

Real Acadomia do Cionciaa Mocalea jr Politicas 

lieal Academia do la Uistoria . .• .. . .. 

Real Osscrvalorio 

8a* FtnuiJuio. — Observatorio Marino 

Real Academia de San Pemando 

CHEAT BRTTAIM ASO ntE].AKD. 

Balk — Bath and West of England Agricultural Society 

Bdfait.—^M\iTa\ History and Philosophical Sociolv 

Bwie«i-o"-TiM«f.— Berwiekahiro NaturaliBla' Club 

Birmingham. — InstilutioD of Mechanical EngineerB 

t'Bm*fiji>r<— Camlri'^gu J""^ Library 

CiiBibridee Observatory 

University Library 

DiiUtii.— Dublin Uaiversily Zodlogical apd Botanical 

Qcok^cal Sociei^y of Dublin 

Natural History Sooety of Dublin 

Ruyal Dublin Society 

Itoyul Irinh Academy 

eiiMtiiriift.— Daiinaiynf Club 

llurauical Society 

Library of Pacully of Advocate* 

MeieuTuloirlcal SMieiy of Scotland 

Boy ftl CollPge of Physicians 
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BojkI ObMmtory „ 1 

Hoj«l PhTsicul Society 3 

Bojal Scottiah 80CWI7 of Am S 

Koya] Society ofEdiiibiirgh. .. — . 15 

Society of Antiquaries of Scodaod . 5 

University Librnry 1 

PaiiMittA.—Koysl Cornwall PolytecbnicSociety 3 

Ci«^oiii.—Univer.ity Library 6 

Oeolof^cal Society 8 

tlreeniciei. — Royal Observatory . 93 

Krntinglan. — South KengiEigtoil Museum .. 1 

A'eie.— Obserratoiy 2 

AiittuKf.— Kilkenny and SoulLeast of Ireland Aiebseological Society 23 

Kingslon-apoti'Hati, — Subscription Library -. 4 

LeedM. — Geological and Polyteplinic Society of the West Riding of Yorlcsbire 6 

Leedn Philosophical anil LiterKiy Society ... 23 

LaaittT. — Leicester Literary and Pliiloaophicul Society - - 2 

LtMi70af.—Freo Public Library, UuBCum, and Gallery of Art, of tlio Town of Liver- 
pool 3 

Geological Society 5 

Historic Society of Lnncanhire and Cheshire 3 

Iiiterary and Pbtlo«0)>bicsl Society 15 

iJTerpool Naturaliats' Pield Club 4 

Observatory .. ' 1 

Boyal InstitntioD . , 8 

Iiondon, — Anthropological Society . C 

Board of Admiralty 622 

Board ofTrade 57 

British Association for the Adranceuusnt of Scimce 6 

British Go vemmeDt 3 

British Muteam J98 

Chemical Society of London Si> 

Entomological Society , . S3 

Ethnological Society of London S 

Geologist's Association 8 

Geolopical Society of Loodan 27 

Great Seal Paiont Office 32 

Boyal Horticultural Society of London .-.. 60 

Inatitnle of Actuaries' of Great Britain and Ireland . ... . 3D 

Institution of Civil Engineers 24 

Library of the Hon. the East India Company .-. 1 

Library of Corporation of City of London & 

Linnnan Society , .... 61 

London Instital]OD,(Fiusbary Circus) 21 

London Library 1 

British Meteorolo^col Society — — 20 

Muaenm of Practical Geology .■ 49 

National Associalinn for the Promotion of Social Science 9 

Philological Society 8 

Photographic Society 67 

Royal A^cultursl Society of England 2d 

Boy^ Aiiatic Society 11 

Boyal Astronomical Society , 49 

Royal College of Surgeon n of England - . 2 

Boyal Oeograpbical Society of London 21) 

EoyallDililution of Great Briiain i2 

Royal Society of London S>1 

Society of Antlqaaiies of London - Sli 

Sode^ for the Encouragement of Arts, Manofactares, and Commorce 189 

Slalislical Socifly of London 29 

Syro-Egyptian Society I 

Uoivtirsity College ., & 

Zoological Society of London --.. --.-. 24 

lfmecltiJid4.~iiatx\a&6M Society for Acnniriitg Useful Knowledge -i 

ir«a<i<>ter.— Literary and Philosophical -Society of Hancbester 42 

, Lancashire Indepoodent Coilegn . I 

Uanchesler Free Library and Muaeaia 29 

»(Je-i(po«-T|fnB.— LiUirary and Philosophical Socisly J 

Tyneude Noturalisis' Field Club 14 

' ■ 1,1 Google 
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Norwich. — Norfolk aoi Narwkh Maaeom ■ ■- • • 

JVoiriufAant. — Uailed Luualio Asylum ..... 

Oi/orJ.— BodlraftQ Libtarj- , 

Oxford UnivMsiij Entomolo^cal Sodetj 

EodcUfTe Obnorvatory -. 

Plynonti. — Plymouth Institnlion and Devon and Cornwall Natural Bblory Society. 
S^i'ford. — Free Museum and Library — 

TowQ CouDcil of Salford — — 

Taunton. — SomcrBeUhiie Archmolo^cal and Natural Hiitory Society .... 

flBEECE. 
Alhetu.—OhBervatory 



Bttgrad, C5(riia.J— DnuhtTOBtbake SlovessiiMti (Sodely of Serbiui Literature).. 



Balavia. — Bataviaaach Oenoolschsp van Eunslen en Wetenjchsppen 6 

Natuurkundij^ Vcreeniging m Ncderlandsch ludio 36 

Bombay. — Bombay government 3 

Geogtnpliical Society — 1 

Eoyal Asiatic Society 1 

CoIeMla.— Aiialic Society 84 

Agricultural and UoriicnKiiral Society of India S 

Geolopfical Survey of India • 22 

Ceylon. — Asiatic Society - 4 

Shanghai.— Rojal Aaialic Socioly of China, (North China Branch) 2 

ADSTRALU. 

Hohartan, (Taimania.) — Eoyal Society ofTaemania ■ 20 

Mctboumt, — Library of Partiaineut -.. H 

Sydnty. — Entomological Society of Now South Woies 1 

AUERICA — (oxdnsive of British Ametico.) 

Habana, fCBia.)— Beal Socledod Economica de la Eabana 6S 

Kingitcn, (Jaraaua.)—Soja,\ Sociuty of Arts of Jamaica 14 

Af<KC0, (Mtxice.) — Sociedod Moxicana do Oeografia y Esladtstica., JUS 

Rio Janeiro, (Braiil.) — InslituCo Uistorico, Oeogtaphicoe Ethnograpbico <le Imperio 

do Brftsii 24 

Santiago, (Chitt.) — Uinistro de Instmcdon Publico I 

Uoivenidad de Chile . 80 

Lilt of individuals of foreign countries from wltom donations to the lihrary of 
the Institution kaee been reeeioed during the years 1860— '€4. 
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Agardli, Prof. J. Q 






Blytl,M. N 

Bonsdorff, E. J 


























Brah^br.A.E 
















BruhM, Dr.C.C 

Huchner, Dr. O 






17 
13 
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Carpenter. Dr. P. P 

Cants. Prof. J. V 


2 

4 


Blaachke, B 
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Li»t of individuah from leham donations to the library, tfc. — Contmucd. 



CfaanTettn, Hon. P. J. - 

OftMlia, Dr. F 

Chaii,P 

Cliaona, A. 

Claporede, B 

Cooke, M.C 

Comalik, Prof. 

Comaj, J. E 

Cotu, Di. B, Ton 

Coi, a 

I>(inbre6, A 

DeJMdin, A 

Dclfuwy, E. M. J 

Delesee ' 

Des MohUdb, C 

DesMara, O 

DesDojers, J 

Dolini, Dr. C. A 

Donden, Profv- 

DoTo, Dr. H. W 

Drewson, C — . 

I>uroDr. Prof, C 

Dnmeril, A 

EgUttton, Eul of. 

Ernhom, T., Veil & Co 

Eiicko,Dr. J. F , 

Engelhardt, J. G 

Engclmum, W 

EssohoD, Dr. C. tdd 

Favie, Prof, A , 

Fischer, Dr. J.G 

Forschiitniner, Prof. 

Foiumet, Prof. J 

Frauenfetd, G 

Gallc, Prof. 

Owcia jCobae, A 

Oawies. J. B 

Oaudin, Prof. C. T 

Gehricke 

Geinilz, Prof. H. B 

GooT^, Dr. K. A 

Gerling, Dr 

Gcjer, K. A. 

Giebol, Dr.C 

Gistei, Dr. J 

Glass, R 

Oooppert, Dr, H,B 

G«ib,Dr.G 

Grobiier, O 

OmDort, Dr, J. A 

Gii«[iD-M£iievllle, Prof. F. E... 

Guidi, L 

Giianiog, Dr. J. W 

Gnoning, Dr. W. M 

Hflgen.T)r. A. H 

Baidingor, W 

Hatom, Dr. W 

Hoitmaim, Dr. C > • 

Haughton, Rev, 8 

Hailinsky, Prof. F 

HeideivDr 

Heis, Dr 

HeUw, Dr. E 



Hifdebrand, Dr. 

Hill, C.J. D 

HiogeDftu, Baron von .. 

HoAes, Dr. J.F 

Hoek 

Holmboe, C. A 

Homes, Dr. II , . 

Hufcner, 

HuUw, Dr 

Jaeger, Dr. G. F 

Jagor, G. von 

Jan, Prof ........... 

Jeitleles, Prof. L. H 

Kamtz, Dr. L. F 

EaloiM, D 

KeTorsleiii, Dr. W 

Kirby. W. F 

Kirscbbanm. Prof. C. F 

Kittlirz, J. H, von 

Kner, Dr. R, 

Koch, Prof. 

Kokscharow, N. von 

Koltikor, Prof. A 

Koninck, Dr. L. do 

Kranss, Dr. C. F. F 

Ereidel &.Nei(Iner 

Krocger, A 

Lange, Dr. H 

LaKoqnelte, De 

Lawes, J. B., and Dr. J. H. Gilbert. 

Laiar, Count Col 

Laharrfk, Dr. P 

Leuk, Dr. A. C 

Lepelns. Dr. K. R 

Lenckari, Prof- 

Lerdig, Dr. F 

Liljeborg, Prof. W 

Lindsay, Dr. W. L 

Liacb, Dr. G. E. F 

Liltrow, K. voQ 

Lobe, Dr. W 

Loew, Dir. H 

Lombardini, Prof. 

Macgnire, J. P. 

riaiffy.E 

Mallet, R 

Malm, A.W 

Marlins, Ch 

Martins, Dr. C, P.P. 

Martios, Dr. E. von 

Masaon, H . 

MassoQ, V 

Meiasuer, Dr. O. H 

Mestre, Don Josfi M 

Miloe-Edwarda, H 

Mitlermaier, Dr. K 

UoesU, Dr. 8. W 

Mohn, H 

Mobr, Dr. F 

Montague, Dr. C 

UorlotiA 
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Iji»t of indicidualt from tckom donatiotu to the library, ^.— Continaed. 



Uorrison, LieDtenaat R. J 

tlolscbuUbjr, V. de 

Mtieller, Dr. F , 

Muhr;, Dr. A 

MiiUer.P 

llurraj, A 

Kiedeniwyr, J 

KLjhoff. M 

Omboi^, Dr. O 

Orsolat*, Dr. O 

I'npadopoli, A 

Papodonoli, N 

pHTDe, BiBbop 

rcMO, W. H 

Tefry, A 

J'trrthes, J. Boucher d« 

Perthes, J — 

Teiers, Dr. C. A. F. 

IViera, Prof. W 

Phoebus. P 

Plant 

Plantamouf, Prof. E 

Poey, F , 

Puf^l^udoiff, J. C ■ 

PowaJky, Dr, C. H 

Puwis. Earl of - . . . 

Preste). Dr. M.A.P 

PrfjTw. Dr.G 

PriaeBbeim, J. N 

Prolt. Dr.G 

Quelelet, Prof. L. A. J 

Kadlkofer, Dr. L 

Kamiuiy. Prof. A. E 

Eanlin, Prof.V 

Bnwlinaan, S 

Ri.inli«rdt, J 

Kcnzi. A 

Eichardson, Sir J 

Rlltorvon Hsaer, F 

Kobiii,C 

RoRRmassler. Prof. £. A. 

Roth, Prof. 

Rows, J. Biookiw 

Snbir. C. do 

Sandberger, Prof. F. 

SarmienlD. Don 

SnnssurB, H. de 

Scbaeffer.H 

BcLaffgoisch, F, O. 

Scharff, Dr. F 

P<-haufii9«. L.W 

ScUlecbiendal, Prof, too 

Srblekhcr, A 

Schmid, Dr. EG 



Schmidt, Dr. J, F. J 

Schonfeld, Dr. E 

Sohroeder van der Kolk, Prof,... 

Schultx, Dra. C. B. and F 

Scropo, G. P 

Scccti,A,P. 

Sadlaciek, Lientenant E 

Segniti, Dr. E 

Scaoner, Dr. A 

Smylb, Rear- Admiral 

SonuoDkalb, Prof, 

Spiller.P 

StAbilo, Prof. Abb« J .__ 

StariDg, Dr. W. C. H 

Stecikowski, Prof 

Steeastrup, J. J 

Slockhardi, Prof. E 

Stoppclaar, H.de 

Slnick.C 

SoesB, Prof 

Sonder-Mahler, A. C. E 

Tate, 

Thnldn, T. B. 

Thomson, O. O. 

Tkalac, Dr. E. Ton , 

Toraay, Dr.C 

TraTora, J 

TialtBch, Dr. van 

Troyoii, F , 

Ule, Dr. 

Tallardi, Dr. F. 

Vargee, Dr. A. W 

Vwior, Dr. P. G. A. 

Villa, A. dfcG. B 

VirchoH, R 

Volpicelli, Prof E 

Vortisch, L , 

Wadia,B.H 

Wagner, E. 

W^er, F 

Walton. C....'. 

Webor, Dr.G 

WeiBel,T.O 

Woinland, Dr. D. F 

Wdsbacb, J 

Wcilenwebcr, Dr. U. N 

Wostwood, J. O 

WhowB[l,Dr.W 

WhislUng, C. W. 

Wolf, Dr. R 

Zeller, Dr. P. C 

Ziegler, J. M 

Zuchold, A 
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» and other itutilutioiufrom which mettorological regiatert were received 
during the year 1864, included m the preceding litt. 



Nova ScotU. - 

Connccticnt . . 
IlliiwiB 

'MirjUnd-.,. 

UuMChUMtM 

Ulchigao 

NewYgrk".*." 

Obio 

Oregon 

PennsjlTiuiiB. 

BlodQ Uluid. 

Tu>De»8M.... 

Vemioot 

Wiiconiin 



Acadia Collage 

Mugnetic Obijarvntory 

Wesloysn UniTcraity 

Lombard Universilj 

UniTersity of Chicago 

Cornell CoUcoe 

OrisTTold Colie)^ 

Iowa State L'mvenity 

WmbiQj^loa College 

Amberat Colle^ 

Btale Lunatic HoapiUl 

Williams' Collage 

State Agricultural College 

St, Lonis UniTcrsity 

Institution for Deaf and Dumb. 

flrasinuB Hall Academy 

St. Francia Xavlar's College. .. 

University of Bocbesler 

Fannera' CoUega 

Otterbein UniTersitj 

Urbana University 

Woodnard High School 

Willamette University 

Central Higli Sebool 

J effersou College 

Brown Univemity 

Stewart College 

UnivBtaity of Vaimont 

Bcloit College 

WiscomuD Umvenity 



Wolfvillo. 
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HETEOBOLOGICAL CONTBIBUTIONS. 



AaTgauUche Naturfortehatde GetelUcAa/l. — WitterungB beobacLtungen in 
Aarau,^Swiweriand,) 1864. 

BaiUy, F. J.— See Herschel. 

Barrow*, N., M. D. — Summiuy of observations at Studwidi, UaBaacLoEetta. 
for the year 1864. 

Barrovt, Si&m. — Snmmary nf obscrvatioDs at Soutb Trenton, New York, 
fnr the year 1864. Reported by Storrs Barrows, for the Trcutos Union Agri- 
cult aral Society. 

. BartleU, Erattut B. — SnmmBry of obserrationa at Palermo, New York, for 
tbo year 1864, and a comp&riBOn with tbe preceding eleven years. 

C/tate, Pliny Earle. — On tbe Principal Causes of Barometric FluctuationSu 
By Pliny Earle Chase, M. A., SI P. A. S. (From tbe Proceediugs of tbe 
American Philosopbical Society.) 8 to., 8 pp. 

Bitrometric Indications of.a Resisting .£lber. By Pliny Eorle Chase. From 
tbe American Jonraal of Science and Arts, for September. 186^ 8 ro., 8 pp. 

Connolly, H. — Observations taken at Fort Nascopic, Esquimaux bay, aia- 
trict of Labrador, from November 1, 1863, to June 30, 18G4. 

Cook, BKgfne B. — Report of Enp^ne B. Cook, meteorologist of tbe New 
Tork Skating Club, fur tbe season 1663-64. Pamphlet, 30 pp. 

Darrell, Judge John Harrey. — Extracts from the Meteorological Report of 
Observations taken at the Cuntre Signal Station of Bermuda, in 1S60, 1861, 
1862, 1863, 1664. Copied from tbe Royal Gazette. 

Extracts from Register kept at the Royal Engiueer Meteorological Observa- 
tory at St. Georgife. Bermuda, in I860, 1861, J862. 

Extracts from the Register of the quantity of rain fallen at Ireland island, 
Bermuda, in 18C0, 18C1, 1862. 1863. 

[Tbe above were furnished to supply deficiencies in the Smithsonian Record.] 

Chart of Bermuda, showing the position of the meteorological stations. 

Jh-eutzer, O. B. — See State Department. ' 

Giten, William, United Stales Vice Contid. — Summary of barometrical and 
tbeomoniL'trical observations, and amount of rain, at Fort de France, Marliuique^ 
during each month from July, 18G3, to June, 1864, inclusive. 

Goddard, C. W.— See State Department. 

Herichel, Alexander S. — On the detonating meteor of December 5, 1863. 
By Alexander S. Ilerschel, esq. j communicated by F. J. Bailey, esq. Iteai^ 
before the Liverpool Literary and Philosophic Society, 8th Fcbmtry. 1864. 
8 TO., 8 pp. 

Hyde. G. .d.— Summary of observations for tbe year 1664, at Cleveland. 
Ohio, and a comparison with tbe preceding eight years. 

Ingahbe, GrenFille M. — Obaervations at Soutb Hartford, Washington county. 
New York, for the years 1860, 1861, 1862, with summary of maxima, min- 
ima, and means. 

Ire*, William. — Monthly and annual summary of observations, kept for the 
Young Men's Association at Buffalo, New York, during the year 1SG4. 

Kingtlon. G. T., M. A. — Mean meteorological results at Toronto, Canada. 
for the year 1864, compared.^wilh the averages of a series of years, by G. T. 
Kingston. M. A., director of tbe Provincial Magnetic Observatory. 

Lapham. I. A.. LL. D. — A table showing the monthly mean temperature 
of tbo open air in the shade, at Milwaukee, Wisconsin, from 1837 to 1604, as 
observed by 0. J, Lyndo, esq., E. S. Marsh. M. D.. Charles WmkJer, M. D., 
and I. A. Lapham. LL. D. Compiled by Dr. Liapham with great care &om 
manuBcripte in bis possession , . , 
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Uap of WiscoDsin, with lines showing the remarkable effect of L^c Miclii- 
gu, in elevating the mean temperature of Janoaiy and depressing that of July. 
By I. A. Lapham, LL. D., Milwaukee, Wiiconaiu. 

Lewi*. Jama, SI. D. — Iloiirly record of temperature at Mohawk, New York, 
daring the year 1864, kept by his metallic self-recording thermomoteV; al^o 
specimcna of a register kept by hie self-recording barometer. 

Logan,, Thomai M-, M. D. — Contribatioas to the physics, hygiene, and 
thermology of the Sacrameuto river, Califoroio. By Thomas M. Logan, U. 
D. (From the Pacific Medical and Surgical Jonmal.) Svo., 8 pp. 

Absttnct of obscrvattona during the year 18G1, at Sacramento, Galifomia. 

Lynde, C J. — See Lapham. 

Marth, E. S. — See Lapham. 

Manh, Rotwell. — Summary of ohaervationa at SteabeQvillo> Ohi«, from 
1831 to 1863, giving the means for each month in every year, the means for 
the reasons of each year, and the annaal means for the whole series. 

Morris, Prof. Ora* W. — Diagram of. temperature and barometer for every 
day in the year 18ti3 ; also, diagram of the monthly quantity of rain in I860, 
1861, 1862, and 1863, at New York. 

Ahrdock, G. — Hints on meteorology, with summaries of observations made 
at Sl John, New Brunswick, between the years 1850 and 1863, the latter 
included. By G. Uurdock, superintendent of water works, St. John. 8vo. 
34 pp. 

Natunoutauchqfllklie Getdlschaji " 7m." — Zustamcnstcllang dcr Monats- 
imd Jahreamittcl aus den zu Meissen, (Saxony,) 1864, angestclltcu taglicb 
drcimaligao meteorologischen beobochtungcn. 

Newton, It. j1.— The original occoants of the displays in former timea of the 
November star-Bhowcr; together with a determination of the length of its 
cycle, its aQnual period, and the probable orbit of the group of bodies around 
the sun. By U. A. Newton. From the American Journal of Science, May 
and July, 1864. 8vo., 24 pp. 

Abstract of a memoir on shooting-stars, read before the National Aeadcmy 
of Sciences, Anguet C, 1864. From the American Journal of Science for 
March, 1865. 8vo., IC pp. 

Paiite, H. M., M. D. — Summary of observations for the year 1864, at 
Ohuton, New York. 

Pkelp$, W. E. — See State Department. 

Sajiger, Henri/, (United States consul at Paramaribo.) — Dally means of 
meteorological elements, at the Georgetown observatory. British Guiana, South 
America, for December, 1863 ; published in the Boyol Gazette. 

State Drpartmertl, Watkington. — Meteorological obsecvations, at Constanti- 
nople, from October, 1862. to September, 1863. By C. W. Goddard, consul 
general at Constantinople. 

Daily telegraphic reports of the weather in various places in Europe, com- 
municated to the Central Physical Observatory. St. Petersburg. Russia, for the 
year ending September 30. 1864. Translated and compiled from the daily 
issues of the St, Petersburg Vedomost, by William Edwin Phelps, United 
States consul. St. Petersburg. 

Meteorological review for the year 1864. from observations at the Liprocy 
Imepital of Lungeguard, at the city of Bergen, Norway, reduced hy O. E. 
Drealzer, United States consul. Bergen. 

Sodele MeUorologique de FrancB. — Annnairo de la Soci^t^ Meteorologique 
de France, 18G4. 

isieitzerland, Comid General of, at Woihingtoft. — Observations at various 
pobts in Switzerland, in December, 18G3, and January, February, March, and 
AprS, 1864. Each month about 50 pages qnorto. 

Digit zed by Google 
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Tratk, Dr. John B. — A register of the earthquakes in California from 1800 
to 1863. Pamphlet, 8 vo., 26 pp. 

TremAley, J. B., M. D. — Synopaia of observations for tho year 1864, at 
Toledo, Ohio, and a comparisoa with tho prectdiug foiu years. 

Tyler, A. Wellingttm.—OhfKrvixi\Qnf, from July 26 to Octoher 13, 1864, 
taken od board the schooner Nelly Baker, on a pleasure voyage from Boston 
to the coast of Labrador. 

IVadsworth, George. — Ucan temperature at Hiram, Mtune, from 1831 tfl 
18G4, inchiEive; also, the amount of saow that fell during the same period. 
The record kept by General Puleg Wadsworth; reductions made by George 
Wadsworth, civil engineer. 

IV/titchead, W. A. — Summary of observations at Newark, New Jersey, for 
the year 1864, and a compariaon with the previous twenty years. 

IVilliatiu, Prof. M. G — Summary of ohservations at Urbana, Ohio, for the 
year 1864, containing the means and extremes of barometer and thermometer, 
for each month and for the year, together with the monthly amount of rain 
and cloudiness, and force and direction of the wind. 

Winnepitiiogee Lake Cotton and Woollen Mattujactwing Company. — Depth 
of rain and melted snow collected in the raiu-{;augc kept by the company at 
the outlet of Lake Winnepissiogee, in the town of Lncouio^ New Hampaoire ; 
also, depth of rain and melted SDOW collected in the gauge at Lake Village, 
New Hampshire, about four mUea south, on the some stream of water, for tho 
year 18fi4. 

Zeigler. C. — Sommary of obeervationa for tho year 1864, at Da Quoin, Perry 
county, Illinois. 

Unhtowtt. — Results from meteorological observations made at the Boyal Ob- 
servatory, Capo of Good Hope, from Jaauary 1, 1842, to January 1, 1863, 
and a, notice of the obseirotionB made by La Coilie ia l751-'^2. 16 pp. folio. 
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REPORT OF THE EXECUTITE COMMinEE. 



The Execntivo GommittGe reapectfdly Bubrntt to the Board of Begeote the 
following report of the receipts aad expenditures of the Smithaoaian Inetitatioa 
daring the year 1864 ; 

BBCEIPT8. 

The whole amount of SmUbBon'a bequeat deposited in the treasury 
of the United Statca is $515,160, from which an annual income 

of 6 per cent, is derived of t30, 910 14 

The extra fund of unexpended income is inreBted aa follows, viz : 

$75,01)0 in Indiana 5 per cent, bonds, yielding in 1864 3, 750 00 

$53,500 ia Virginia 6 per cent, bonds, yielding in 18G4 ■ 

$13,000 In Tennessee C per cent, bonds, yielding iu 1864 

8500 in Georgia 6 per cent, bonds, yielding in 1864 

SlOO in WaahingtJn 6 per cent bonds, yielding iu 1864 , 6 00 

34,666 14 
Balance in hands of treasurer, January, I864> and interest dne 
from govenunent 32, 353 90 

67,020 04 

BXPBKDITUBES. 

For bnildlng, furniture, and fixtures tS, 630 77 ■ 

For general expenses 14, 071 50 

For publications, researchee, and lectures II, 907 48 

For library, museum, and gallery of art 8, 936 SI 

37,636 96 

Balance in tieaanry and due from government January, 1865 829, 484 03 

STATEUE^T IN OBTAII. OF THE BSFENDITURE8 OV 1864. 

BuiLDna. 

Building, incidentals |1, 066 32 

Famitnre and fixtures in general 804 45 

Fomitore and fixtures for museum 750 00 

tZ, 620 77 

OBWERAL BXFEIISBS. 

Meetings of the Board 131 SO 

Lighting and heating 1,816 36 

Postage 408 38 

TrauHporUtion, general 868 09 

Exchanges 2,753 76 

Stationery 602 77 

(knerdl printiDfi: 157 76 ,-. , 



112 EEPOET OP THE EXECUTIVE COMMITTEE. 

Apparatna ' 102 74 

Loboratory 160 78 

Incidentals, general 631 36 

Extra clerk-hire 599 00 

Salaries, Sccreury 3, 500 00 

Salaries, chief clerk, bookkeeper, meBBenger, and 

laborers 2, 439 00 

14,071 50 

FUBLICATIOXB, ETC 

Smithsonian ContributiooB 2, 334 57 

Smithsonian Reports 547 00 

Smithsonian Miscellaneons Collections 6, 449 06 

Other publications SIO 00 

Meteorology 1, 339 16 

ResearcbcB 125 00 

Lectures 1,012 70 

11,907 48 

LIBRABT AVD HUKEUM. 

Cost of books aod binding 1, 953 67 

Assistants in library 1,291 66 

Transportation for library 200 00 

Museum, saUry of Assistant Secretary 2, 000 00 

Museum, assistants I, 096 56 

Museum, transporlataon 400 00 

Museum, incidentals 1, 080 31 

Eiplorations 797 76 

Galleiyof art 116 25 

8,936 21 

Total expenditure 837. .535 96 

From tbe foregoing it will be seen that the wbnie income during the year 
18C4 was 234,606 14, and that the ezpenditares during the same period vere 
$37,535 96, exhibiting for the jirit lime, in tbe account of the current opera- 
tions, an excess of the latter over tbe former of S9,869 83. 

Accotdbg to tbe statement of the Secretary, the cause of this excess of the 
expenditure was the constant increase in prices of all tbe articles used in the 
operations of the lustilution, particularly in printing and paper, and the por- 
cbaso of gold to defray the expense of the foreign agencies. 

To meet contingencies of this kind, however, as well as to carry on all the 
operations for cash, there bad been accamulated in the hands of tbe treasurer at 
tbe beginning of the year the sum of $32,353 90. Tbe onezpended balaoca, 
therefore, now in the bands of tbe treasurer is $29,484 08. 

The appropriation by Congress for the preservation of the collections of the 
exploring and surveying expeditious of the United States has been expended 
as Heretofore, under the direction of the Secretary of the Interior, iu assisting to 
pay the expenses of extra assistants iu the mnseum, and tbe cost of arranging 
and preserving the specimens. The articles intrusted to the care of the Insti- 
tution by government are in good condition, and the distribution of the duplicate 
specimens belonging to government, as well as those of the Institution, ba^ beeo 
industriously prosecuted during the year. 

From the dxamiuation made by the committee it appears that tbe affairs of 
tbe Institution are iu a prosperous condition; that all Uie operations have been 

..I Xioo^c 
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coatinned with uaabated eaergy ; that notwitbstandiDg the depi'cciatioD of the 
v^ilue of the income, the expenditares liave but little exceeded tbe current re- 
ceipts, and that proTision had beeu made even for this coatingency hy tbe pre- 
vious accnmolationa ia the hands of the treasurer. 

The Esecative Committee are informed hj the Secretary thiit the remainder 
of the legacy of Smithson, amounting to about $26,000, liaa been received in 
(oin, and deposited with the Treasurer of the United States. 

In conclusion, it may be ntatcd that tbe whole amount of the Smithsonian 
fund, including the original legacy and the additions which have since been 
made to it, togetherwlth the balance in the hands of the treasurer, and the State 
stocks estimated at their present market value, amounts to about SG90,000. 

The committee agree with the Secretary in opinion that, as far aa possible, the 
active operations of the Institution should be continued, and the cnrtatlmeata 
rendered neceasary by the depreciation of the cnrrencv be made in expenditurea 
for those objects which can most readily be postponed. For the year 1S65 the 
same estimates are submitted as those for 1864, with such diminntioa as the 
Secretary lany deem it advisable to make. 

The committee have carefully examined the accounts of the Institution and 
tbe books as posted by Mr. Randolph for the past year, and find them to be 
correct. 

Respectfully enbmitted. 

EICHARD WALLACH, Ciai 

FsBiEUARr. 1865. 
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Washington, January 9, 1865. 

A special meeting of the Board of Regents was held this day at 7^ o'clock 
p. m. in the hall of the Instilution. Present; Hon. II. Hamlin. Hon. S. P. 
Chaee, Hon. L. Trumbull, Hon. G. Davis, Hon. S. S. Cox. Hon. J. W. Patter- 
son, Profcesor L. Agaceiz, and the Secretary, Professor Henry. 

Mr. Hamlin was called to ihc chair. 

The Secretary stated that this meeting had been called in accordance with 
a provision of the law of Congress authorizing ti meeting at any time, nt the 
request of three members of the Board. That the objects of this meeting were — 

First. To announce officially the death of Chief .Justice Taney and General 
Totten, both members of the 13oard from the boginnitig of the Institution, and 
who had ever evinced a lively interest in its prosperity, and had faithfully dis- 
charged their duties aa guardians of the trust. 

Second. To elect a Chancellor or President of the Board in place of Chief 
JuBtice Taney. 

Third. To consider the disposition to bo made of the remainder of the legacy 
of Smhhson, which was now depo:<iled with Messrs. Peabody & Co., of London 
enbjcct lo the order of the Institution ; and. 

Fourth. To consider the report of the committee appointed at the last seasioa 
of the Board, relative to the suggestions of Professor Agassis as to the separate 
maintenance of the museum, &c. 

On motion of Mr. Cox, it was resolved that the proper expression of sympathy 
be tendered to the families of the Regents wboso de.uhs have been announced, 
and that provision bo made for the preparation of an account of their lives and 
labors for the annual report to Congress. 

On motion of Mr. Cox, Chief Justiue Salmon P. Chase was unaatmoasly 
elected Chancellor of the Institution. 

On motion of Sir. Chase, the Secretary was instructed to diaw the mouey now 
in England, and to deposit it with the Ti'easurcr of tie United States. 

Professor Agassiz, as chairman of the special committee, appointed at the 
meeting held March 15, 1864, to report suggestions for extending the active 
operations of the Institution, and for the aeparalc maintenance of the collectioDi, 
at the espense of the government, submitted a report." 

* This report was lost in iJic fire, and the absence of Professor Agassii froai the coanlij 
has rcoderec] il impo-isible to obtain nnotUer copy in lime for insertion in thl» Journal. 
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The opinion waa expressed by several membera of the Board that tbe views 
of Profeasur Agaaeiz were highly important, and believed to be such oe were 
entertained generally by the ecientific men of the coantry, but in consideration 
of the fiDiiDcial condition of the government, the present time was not favorable 
for action in regard to them. 

Ou motion of Mr. Trnmbnll, the consideration of the subject was postponed 
to tbe annual aession to be held in January, 186G. 

The Secretary stated that the question had ariacn at a previous meeting of 
the Board as to whether the interest on tbe Smithsonian fund, permanently in 
tbe treasury of tbe United States, ought not to be paid in coin, in common with 
the interest on other trust funds in charge of the government ; that be bad 
addressed a letter to the Secretary of the Treasury on this subject, but on 
account of the large demands on tbe government for tbe prosecution of the war, 
be hud not pressed a decision of the (|uestion. 

On motion of Mr. Chase, it waa 

Reiolued, That the Secretary be instructed to renew the application to the 
Treasury Department, in behalf of tfie Board, for tbe payment of the interest 
in coin. 

Tbe meeting then adjourned. 



Washinuton, January 19, 1865. 

In accordance with a resolution of the Board of Regents of the Smithsonian 
Institution, fixing the time of beginuiug-of their annual session on tbe third 
Wednesday of January in each year, a meeting was called for this day. 

No quorum being present, and the Secretary baviug staled that the book- 
keeper had not yet been able to make up the annual accounts, the Board 
adjoamed, to meet at the call of the Secretary. 



Washington, January 28, 1865. 

A meeting of the Board of Regents was held at 3 o'clock p. m. in the oast 
wing of the Smitbaonian building. Present : Hon. S. P. Chase, Hon. H. Ham- 
lin, Hon. L. Trumbull, Hon. J. W. Patterson, Hon. R. Wallach, Mr. Seaton, 
treasurer, and Professor Henry, Secretary. 

Tbe Chancellor, Chief Justice Chaso, took the chair. 

The Secretary stated that the principal object of this meeting waa to o£Gcially 
inform tbe Regents that, on the afternoon of Tuesday, January S4, a fire broke 
out in the roof of the main building of tbe Smithsonian Institution, which de- 
stroyed the principal part of the contents of the rooms in the upper Ptory of the 
building and the adjoining towers. The loss, however, did not include the largo 
bbrary, the museum, with the government collections and those of the Institu- 
tion, ibc duplicate specimens intended for distribution, and the meteorological 
records. The accident would not, therefore, niatcrtally affect the. essential opera- 
tions of the Institution, which vvotilJ be continued as usual. 
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The Secretary stated that, immediatelj after the occurrence of the ocddent, 
he had applied to the Sccretiry of War, Mr. StantoD, for aid in coDStracting s 
tempor.iry roof to protect the bailding and its cont«iila from the weather. The 
Secretary cf War expreeaed his willingness to grant this, provided the Presi- 
dcDt gave liiB sanction, and the expense should be refunded to the depnrtnient. 
The latter was promised on the part of the Institution by the Secretary, after 
coQsultation with the Chancellor. The President readily gave his consent to 
the proposition, and General Ruckcr, of the Quartermaster's Depn^rlment, 
furnished the materials, and detailed a tai^ force of carpenters and laborers, 
under the direction of Sir. E. Clark, to erect a lempurary roof, which would be 
safficient to protect the building from storms, and would not interfere with the 
' construction of a perm.inent covering. 

At the suggestion o'f the Chancellor, it was ■ 

Retained, lliat the measures which bad been taken by the Secretary' be 
approved. 

Mr. Patterson infoi-mcd the Board that the House of Beprescntatlvca had 
adopted, on the motion of Uon. Mr. Rice, a resolution directing the Committee 
ou Public Buildings and Grounds to inquire into the origin of the fire, the ap- 
proximate loss to the government and private persons, the means necessary to 
preserve the remaining portions. Sec. 

The Chancellor remarked that it would be proper that a joint committee 
(liouid be appointed, to be composed of members of the Senate, of the House of 
Ue piemen tatives, and of this Board, to take the whole subject into consideration. 

In anticipatiou of this, however, it was thought advisable that a special com- 
mittee should be appointed to report directly to the Board ; and, on motion of 
yit. Wallach, it was 

Retained, That a committee he appointed to inquire into the origin of the fire. 
10 ascertain the extent and character of ihe loss sustained, and to make sugges- 
tions as to what measures should be adopted for the repair and improvement of 
the building. 

The Chancellor appointed the mover of the resolution Mr. Wallach, and the 
Secretary, as the committee. 

The Board having examined the building, adjourned, to meet on Thursday 
ivening at 7j o'clock p. m. 



Washi.\uton, February 2, 1865. 

A meeting of the Board of fiegents of the Smithsonian Institution was held 
at 8 o'clock p. m. at the residence of one of the Regents, Hon. R. WalUch, 
Mayor of Washington. Present : Hon. H. Hamlin, Hon. G. Davis, Hon. J. 
W. Patterson, Hon. S. S. Cox, Hon. R. Wallach, and the Secretary, Professor 
Henry, and, hy invitation, Hon. J. H. Rice, chairman of the Committee on 
Public Buildings of the House of Representatives. 

Mr Hamlin was calltd to the chair. 
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The minutcB of the meetings held on the 9th, I9th, aud 2Sth of January 
were read and approved. 

Hr. Wallach presented the report of the Executive Committeo for the year 1864, 
which was read and adopted. 

The Secretary stated that, in accordance with the instructions of the Board- 
he had renewed the inquiry to the Secretary of the Treasury whether the interest 
of the Smithsonian fund ought not to be paid in coin or its equivalent, but had 
not yet received a reply, it having been referred to the Solicitor of the Treasury 
for a legal opinion. 

On motion of Mr. D.ivis, it was 

Resolved, That if tbo Secretary of the Inatitution should ascertain that the 
legal opinion of the Solicitor would bo adverse to the application, that he should 
request the Secretary of the Treasury to submit the question to Congress for 
its action. 

Professor Henry presented the question as to the disposition of the residuary 
legacy of Smithson which had been received from Englind, and was now on 
deposit with the Treasurer of the United States. 

On motion of Mr. Patterson, it was 

Rciolvrd, That the Secretary be instructed to invest the money now on de- 
posit with the Treasurer of the United States, derived from the residuary legacy 
of James Smithson, in United States bonds hearing 7)^ per cent. intd'Cdt. 

Mr. Wallach presented the following report from the special committee ap- 
pointed at the last meeting to inquire into the origin of tlte fire, &c., which was 
read and adopted: 



I'he special committee appointed by the Board at its meeting on January 28, 
186u, to inquire into tbo origin of the lire at the Smitbsoniaa Institution, to 
ascertain the extent and character of the loss sustained, and to make sugges- 
tions as to what measures should be adopted for the repair and improvement 
of the building, respectfully report that they have performed the duty assigned 
them, so far as the time and their means of information would permit. 

I. THK UR10IN OP THB KIRE. 

The testimony lias been taken of all persons connected with the establish- 
ment that had any knowledge of the occurrence, and a written account of the 
whole is herewith submitted ; nUo a report from Colonel B. S. Alexander, United 
States army, who superintended the hro-prooiing of the main building, of his 
cxarainatiou of the flaes connected with the accident. 

It ia evident, from the concurrent testimony thus obtained, that the fire com- 
menced in the southwest part of the roof of tbo main building in the wood- 
work immediately under the slate covering, and that it was kindled by the 
healed air or spark'^ from a stove whieh had been temporarily [ilaced in the 
room immediately below. The pipe of this stove had been inserted, by mistake, 
into ft brick furring- 8[)ac} resembling a flue, which opened under the rafters in- 
sicad of into the chimney flue, within a few inches of the latter. By whom 
the hole into which the pipe was inserted was originally made a not known, 
but it is remembered that a stove-pipe was put into it as tar back as 1S54, at the 
time of the exhibition held by the Mechanics' Institute in the building. Xo' 
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fire, however, had been in tLia room for ten ycixrs previous to Mondny, 15th 
January, when the mechanist and carpenter of the Institution were engnged, 
with Beveral other of the emp]oy<is, in rearranging the pictures of the gallery, 
the weather at the time bciug unusually cold. Thcso peraons, for temporary 
convenience, set up the etove above mentioDed, intending to remove it ae soon 
ae their task was finished. A coal fire, kindled with wood, had been burning 
in this stove for eight days previous to the conflagration, yet it appears from the 
teatimony that no evidence of combustion was observed by a person who passed 
through the loft six hours before ihc breaking out of the flames. It is probable, 
however, that the wood had been undergoing a process of chamng for several 
days. 

On account of the very expensive style of architecture selected for the build- 
ing, and the limited means at the command of the Board, the plan had been at 
first adopted of fiuisbing the interior of the whole edifice with wood and plaster. 
A large portion, however, of the interior woodwork of the main building, after 
the roof and exterior had been finished, gave way and fell; whereupon the Re- 
gents ordered ihe removal of the woodwork and its place to be supplied with 
incombustible materials. Thua the main building was rendered fire-proof, with 
the exception of the supports of the roof, which being covered with slate wna 
assumed to be safe. The only danger of the occurrence of fire was supposed 
to exist in the two wings and tho towers, and to guard against this contingency 
especial precautions were constantly observed, via ; 1. No smoking was al- 
lowed in any part of the bnilding at any time. 2. No lights were allowed to 
be carried from one part of the building to another except in lanterns. 3. 
Three coils of large hose were deposited, ready for use, one in the upper story 
and the other two on the first floor of the building ; and there were water-pipes 
in Ihc basement with fencets. 4. Barrels and buckets, kept constantly filled 
wilh water, were placed at different points of the building. 5. The rule was 
observed of cleaning the flues every autumn before the commencement of fires, 
6. A watchman was employed each night, who made every hour the rounds of 
all the rooms in the building, giving special attention to those in which fire bad 
been kindled during the day, ineluding the apartments occupied by the family 
of the Secretary. 

These precautions, however, as it has proved, were insnfficient — the fire hav- 
ing occurred at a point where no danger was apprehended, and to which access 
could with difficulty be obtained. 

II. — THK CHARACTKR AND EXTBNT OP THE LOSS SUSTAINED. 

The loss to the Institution was as follows: 

1. The contents of the Secretary's oflSce, consisting of the official, scientific, and 
miscellaneous correspondence, embracing 35,000 pages of copied letters which 
had been sent, at least 30,000 of which were the composition of iho Secretary, 
and 50,000 pages of letters received by the Institution. Here, moreover, were 
lost the receipts for publications and specimens; reports on various subjects 
which have been referred lo the Institution; tho records of experintents 
instituted by the Secretary for the government; four manuscripta of original 
investigations, which had been adopted by the Institution for publication; 
the manuscript material of the report of the Secretary for ISG4 ; a large number 
of papei-8 and scientific notes of tho Secretary ; a series of diaries and memo- 
randum books, and a duplicato set of account books, prepared during tho last 
twelve years, wilh great labor, by Mr. Uhees, the chief ckrk; also, about one 
hundred volumes of valuable works kept at hand for constant reference. 

2, In the apparatus room, the large collection of scientific instruments, ia- 
dnding the donation of the late Dr. Uare. , . , 
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3. A part of the coatenta of the Regents' room, including the personal effects 
of Smithaon, with the ezceptioD of his portrait and library. 

4. The contents of the rooms in tbo towers, including the meteorological 
instmmcnte, the workshop, containing a lathe and a large number of valuable 
toola, nearly nil the stock on hand of the dnplicate copies of the annual reports, 
and many other public docnments and books iateoded for. distribution to libra- 
ries, as well as a quantity of stationery, hardware, &c. 

a. The wood-cuts of the illustrations contained in the Smithsonian publi- 
cations. 

The loss to other parties was as follows ; 

Ist, The contents of what was called the Pictnre Gallery, viz : a. About two 
hundred portraits, nearly all of life size, painted and principally owned by Mr. 
J. M. Stanley, formerly of this city, and now of Detroit, Michigan, and which 
were on deposit in the institution, b. A number of half-size Indian portraits, 
painted by Mr. King for the government, c A copy, in Carrera mnrble. of the 
antique statue known aa the " Dying Gladiator," by John Oott, and owned by 
Mr. J. C. McGuirc, of this city. 

2. A number of surveying instruments belonging to the government. 

3. The clothing, booka, and private effects of several of the persons connected 
with the Institution, and of those engaged in scientific studies. 

4. The library removed from Beaufort, South Carolina, by the army, and 
also that of Bishop Johni<, from Fairfax Theological Seminary, gives in charge 
to the Institution by the Secretary of War for safe-keeping, which libraries were 
stored in an upper room in the south tower. 

Independent of injury to the building, the loss to the Inetitution, as far ns it 
may be estimated and can be restored by money, may be stated at about 520,000, 
and to individuals 826.000. viz r To Mr. J. M. Stanley, 820,000; Mr. J. C. 
McGuire, 81,000; Professor Joseph Henry, $1,500; Mr. W.J. Rhees, 81,200; 
Mr. W. DcUeast, $1,300; and all others, «l,000. 

Althoagh the loss which the Institution and individuals have sustained i!> 
much to be regretted, yet it is a source of consolation that by far the greater 
part of the valuable contents of the building have escaped without injary. The 
valuable library of the Institution, the most extensive, in regard to the transac- 
tions of learned societies and scientific books, in this country ; the museum, in- 
cluding the collection of the exploring expedition and those of the Institution ; 
the large stock of many thousand duplicate specimens for distribution to all 
parti of the world; the records of the musenm; a large portion of the corre- 
spondence relative to natural history ; nearly all the records of meteorological 
observations which have been accumulated during the last fifteen years ; the 
sets of Smithsonian publications (except the annual reports) which have been 
reserved to supply new institutions, and the stereotype plates of all the works 
which have been published dnring the last four or five years, have been saved. 
All the original vouchers of the payments made by the Institution, the ledger 
in which they were posted, and the daybook from 1858, were also preserved, 
having been deposited in a safe in the Regents' room. The contents of the con- 
necting range between the library and the museum are uninjured; this includes 
a scries of plaster casta and portraits of diatinguished men, among the latter a 
life-size portrait of Guizot, by Healy ; an original full-length figure of Wasb- 
ingtoD, by the elder Peale; and also a valuable scries of rare engravings illns- 
trative of the history of the art, purchased from th'; Hon. George P. Marsh. 

All the important acts of the Regents from the beginning, and an account of 
the t^ratioDB of the Institntion, having been published from year to year in the 
Kveral reports to Congress, a continued record of the history of the establish- 
inent from the beginning is, therefore, atill in existence. Aa these reports have 
been widely distributed, they arc generally accessible to the public. 

The burning of the roof of the building can scarcely in itself )>e consideredL, 
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last eammer, leaving a family of daugbters in a deBtitu:« conditJoD ; that he had 
giren the widoir permission to sell articles of refreebment, exclusive of intox- 
icatJDg ItqnoTs, to the visitors of the mnsenm, and that he thotight, in coneident- 
tion of the long and faithful service of the deceased, the expenses of his funeral 
should be paid from the Smithsonian fund. 

On motion of Mr. Wallach, it waa 

Reiolred, That the Secretary be authorized to pay the faneral expeuaes of 
John Connor. 

On motion of Mr, Patterson, the vacancy in the Executive Committee wab 
filled by the election of General Delafield. 

On motion of Mr. Trumbull, it was 

Raolofd, That the annnal salary of the Secretary of the Institution he in- 
creased one thousand dollars, that of the Assistant Secretary five hundred dol- 
lars, nod of the Chief Clerk three hundred and fifty dollars, and that the a^ud 
increase take cfiect from the 1st of January, 1865. 

The Secretary slated what measures had been taken in regard to the preaer- 
Tfltion of the Smithsonian building, and that Mr. A. Class, architect, had been 
employed to prepare plans and estimates. ■ 

On motion of Mr. Cox, it was 

Reiohed, That the whole subject of the repairs and reconstruction of the 
building, and the disposal of the stocks held by the Institution, be intrusted to 
the Chancellor, Secretary, and the Executive Oommittee. > 

The Board then adjourned litte die. 
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The object of this appendix is to illastrate the operations of the Institution 
by reports of lectures and extracts from correspondence, aa well as to furnish 
informatiou of a character suited cspcciajly to the meteorological observers "and 
other persons interested in the promotion of knowledge. 
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MEMOIR OF DELAMBRE. 



SECRBTARY OF THE FBEKCU ACADEMY OP S 



To hare acquired, from hie early ^oath, a familiar knowledge of the gre&t 
vorke of aatiqaitj', and of the langaagee and literature of modem times; to 
have dedicated himself to the study of the heavens, and identified hia name 
with an enterprise of wide renown and eminent utility ; to have written with 
ability the history of auctent science, as well as of the most recent discoveries ; 
and with these proofs of mental superiority to have nnited the noblest qualities 
of the heart — in these sentences mav be summed np the entire life of the dis- 
tinguished man whose character and labors I propose to retrace. Few will fail, 
in the traits thus given, to recognize Delambre, or to feel in the review a re- 
newal of the regrets occasioned by his recent loss. 

Delambre was bom at Amiena, the 19th of September, 1749, The abbi 
Delille, a distinguished professor of letters in the college of that city, soon re- 
cognized in his yoQthfnl papil a union of the gentlest manners with surprising 
powers of memory and an early familiarity with the ancient laognages. In 
developing these first germs of talent and taste, the abb^ succeeded in inspiring 
a passion for continaed and unremitting application, the indispensable prerequi- 
site of all permanent success. A friendship was thus cemented between these 
two celebrated individuals which continued to the end, with eqnal disinterested- 
ness and constancy on the part of both. 

To continue in the capi^ a course of study thna anspicionsly commenced 
was beyond the means of Delambre 's family, already burdened with a numerous 
charge. Fortunately, however, a gratuitous scholarship had been founded at 
some former period by one of the members of that family, in the Uuiversity of 
Paris, and being at the disposal of the city of Amiens, was now conferred ou 
the yoang Delambre. The benefaction thus reverted towards its scarce, nor 
could A destination more just or worthy have been given it. The recipient, 
already distinguished in every path of literary study, was destined one day to 
reflect on his conntry the lustre of imperishable labors. While completing the 
course of stndiea which bears the name of philosophy, he still recurred, with 
unwearied assiduity, to that ancient literature wbieh had shaped the culture of 
his earlier years, and which the pupil of the abbtS Delille could scarcely fail 
to prosecute ^th brilliant success. 

The time allotted to the appointment he held had passed away, and liis 
family, seemingly persuaded that talent ought to suffice for everything, left him 
to provide for his own establishment. More than a year thus elapsed in vogue 
expectation, during which time the most extraordinary privations were endured, 
not merely with constancy, but indifference. It would be difficult to believe, 
bad we not Delambre's own word for it, to what an extent this restriction of 
bis expenses was carried. Absorbed in literary and historical studies, he 
scarcely regarded as desirable what others would have considered indispensable. 
Silently laying the foundation of his future labors, he engaged at this time in 
eitensive translations from the Latin, Greek, Italian, and English, and com- 
menced also the study of mathematics ; the whole not wiiU any view to profit, 



126 HEHOIK OF DELAMBBE 

though he might eaeilj' have obtained it, hot with the sole purpose of prefect- 
iog bis own knowledge. 

Living thtie apart and nnnoticed, yet free and happy, he knew or indulged 
no passion but that for atndy. His time, the only property he coald call his 
own, was i^ecnred to bim; no importunate visitor appropriated his leisure; his 
talents gathered etrenglh Had expansion daily for the fritnre service of aetronomy 
and l-rttt-ra. Solitude may thus become an inepirtition for geoiiu ; it exalu 
the thoughts, dissipates the desire for sudden and vulgar notoriety, aud preparer 
the way for works worthy to be the admiration of after ages. 

The extraordinary merit of Delambre, the habitnal mildness of bia character, 
tbe determination with which he applied himself to a revisal of his whole pre- 
vious course of study, at length attracted attention. As he bad be«a adneed 
to givi; some yean to teaching, he repnired with this purpose to CompiJgne, but 
ri-mtiued there only a short time, fire resources of the capital bad become 
indispensab e to bis plau of study, and retnining to Paris, he entered on tbe 
same course of life aa before ; this time, indeed, with some additional advantages 
which he could no longer decline with prudence, luid which soon secured bim a 
settled and independent position. It was now that Delambre first felt himself 
irxesislibly impelled to a scientific career. Without neglecting literature and 
history, be explored the theories of matbemntics, and applied himself ass id uoasly 
to the stndy of astronomy and physics. A fidelity to his purpose formed at all 
limes a distinctive characteristic of bis genius. No one ever threw into his 
pursuits more of the spirit of sequence, or traversed with more constancy the 
vast field of bifman attainments. 

When he presented himself at the college of France to hear the lessons of 
Lalande, be had already s'.udicd the works of that astronomer, and had even 
written commeutaries upon them. Here he first attracted notice by reciting, on 
an occasion which casually offered itself, an entire passage from the Greek poet 
Aratns, which he illustrated by the criticisms of various anuotators. Lalande 
naturally felt curious to know in what manner his own treatise of astronomy 
had been annotated by so accomplished a student, nor could he long remain 
in doubt as to the value of this new acquisition to the interests of science. From 
ibat time he regarded Delambre as a fellow- laborer; dissuaded him from a use- 
less attendance on the pubUc lessons, and associating him with his own private 
labors, confided to him the most difficult astronomical calculations. He induced 
Slon. Dassy, whoso son had previously received lessons from Delambre, to 
establish a private observatory at his hotel. Here, being provided with the 
necessary instruments, Delambre entered on a course of the most extensive 
observation and research ; digested a plan for reforming all tbe aatronomical 
tables, and may be said to have consecrated his life to the study and descriptioa 
of tbe heavens. This destinntioa bod presented itself to bis mind at Compilgno, 
and was originally suggested by a physician of that place— a man of learning, 
who was the confidant of Delambre's studies, and had remarked bis extraordi- 
nary turn for earnest and continuous occupation. Lalande, who knew no dis- 
tinction between his own interests and those of the science he Altivated, sought 
the acquaintance of the individual who bad given this judicious advice, and 
(hauked him in terms to which no personal obligation could have imparted 
greater warmth.' 

It remains now to indicate tbe important researches to which Delambre ap- 
plied himself, aud which constituted his title to a place in tbe Academy of Sciences. 
Herechel, about this time, had observed on the extreme confines of the plauetary 
world an orb till then unknown — a brilliant discovery, which afforded a new 
proof of the truth of the modern theories of physics. This planet was fbtmd to 
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be eubji'Ctod to tlie matliimfttieal lawd of gravitation ; -118 conree and the places 
which it had occupied in the heavcue wen; susceptible of demonstration. It 
WAS thus apcertaincd that it had been b^-fo^<: obstTved by different aetroDomere, 
who had noti however, distinguished it from the filed stars. Delambre under- 
took the preparation of tables respecting its movements, and published them 
without delay, presenting with great exactness all the observations which had 
been made up to that time. The Academy of Sciences had proposed this sub- 
ject fur one of its annual prizes, and bestowed its suffrage on the work of De- 
lambre. A striking attestation. waa her.-in afforded to the preci.'ion of the new 
astronomical mf-tbods ; for though HirPch'-rB planet had described but a tenth 
part of its course since its discovery, its movements w*ro determined with as 
much exactness as those of other planets, our knowledge of which ascends to 
periods of remote antiquity. 

To Delambre wo owe also thos? tables of the sun which were published at 
the same time ; as likewise those of Jupiter and Saturn. lie undertook further 
to construct ecliptic tables of the satellites of Jupiter, aud completed this arduous 
and immense labor in a few years. 

The object of astronomical tables is to represent the actual state of the heavens 
at a given moment. They proceed upon the general principle of the stability 
of natural laws, and from the past enable us to attain a knowledge of the future. 
These refearchea are guided by geometry, which was said by Plato to have its 
abode in the heavens. They are coutrolicd also by other mathematical theories 
which the modems have invented, and which have served to detect the causes 
and the laws of celestial movements. 

The most general phenomena, it was first perceived, were necessary conse- 
quences of the mathematical laws of gravitation ; still later, more precise observa- 
tions indicated irregularities in the course of certain heavenly bodies, which did 
not appear to result from the general laws. It was asked if the resistance of 
an ctherial medium might not affect the planetary movements ; if gravitation 
was as simple in its action as had been supposed ; if the transmission of its force 
was instantaneous or progressive, like that of light. These doubts no longer 
eiist, and it was in the bosom of this Academy that they were resolved. The ' 
inequalities which seemed inexplicable are necessary results of a mutual actiou 
between the celestial bodies ; they are no eKcepliona to the mathematical laws 
of gravity, which, on the contrary, they serve to confirm. The planetary world 
oscillates between limits which it cannot transcend ; it contains withiu itself 
principles of stabiliiy aud duration which suffice to govern and preserve it. It 
was the imperfection of knowli-dge alone which led astronomers to have recoursti 
to occasional compensatory causes- The more the universe has been studied, 
the more admirable have appeared the unity and simplicity of its laws. Never 
have the sciences attaint'd perfection without evincing the immutable order which 
an infinite w-i.-idom has impressed on all ils works. 

All these momentuous quesiions respecting the system of the world were under 
discussion whi^n Delambre gave himself with characteristic ardor to the study 
of astronomy. He assisted at the sitting of the Academy when Laplace com 
mnnicated his important discoveries on the respective inequalities of Jupiter and 
Satnm, and at once conceived thedesignof applying the results of that profound 
luaiysia ti perfect the tables of those two planets. 

'I'o collect and discuss all the observstious which have been taktiii. so as to 
rt'nder them comparable. with one another and with the results of scientific 
theory; to distinguish, by this means, the elements proper to be employed, and 
to assign lo those eb-mi-nts ihe value due to them in reconciling ihii theorems of 
analysis with the observed fiiets; snth is, in general, the succeision of steps ti 
be followed in the construi-tion of astronomical tables. 

Delambre applied himself especially to those of the sal^dlites of Jupitur— an 
nnderLtking so arduons, and of such vast extent, that nothing h ss than the two 
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pofffrful m'llivc'S of public iilility nnd tlic graiiclijiir of llic Biibject coold have 
0uatHin<?d him in its prosecution. Tlie aatellit«s which accompttnj' Japiter, and 
which disnppear wh^n ihcy euter into hia aliadow, vere the first celestial bodiea 
revealed to ua by the telescope. Their dclipites, so entirely analogous to thoM 
of thn Ttioon, recur much more frequently than the latter ; for o single one of 
these bodies ia obscured four tiraea in the apace of seven days. Galileo, who 
first contemplated theae eingular pheoomeua, quickly inferred that ol>serv&iioii« 
of this kind might be rendered eminently aubservient to the promotion of geo- 
graphical ecience. In fact, it required but a knowledge of the coaniea of these 
satellttce. and their reduction into tables of sufficient exactness, to rectify a 
multitude of enormous errora in the determination of longitude, especially in 
regard to the eastern portions of the Old Continent. It is true, indeed, that 
many causes concur to limit the use and precision of this method, but it canuot 
the lees be looked upon as an iuvalnablo source of discovery, and in its conse- 
quences as one of the most fortunate of modern inventions ; for even at this day 
the navigator derivea the eaaieat means of ascertaining the proximity of lana 
and thfi relative position of the places he ia approaching from a group of celea- 
tial objects, whose minute aize seemed to withdraw them forever from human 
obeerval.ion. Nor is this the only consideration by which this world of Jopiter 
is recommended to our admiration, and invested with an interest BOt inferior to 
that of any other portion of the heavens. To an attentive observation of the 
celipsea of his satellites we owe our knowledge of the fact that the action of light 
is not instantaneous; and from the same source haa been derived the precise 
measure of the time which is required for its propagation from the Btin to onr 
globe — a capital discovery, made by Eeaumer at the observatory of Parte, and 
whieh a subsequent theory has fully confirmed. 

The system composed of Jupiter and his four satellitea is a world apart, whose 
rapid revolutions mirror to na those which are taking place in the gentml ayslcm 
of the sun and planets. Hence, the study of the ineqaalities of those satcllitee 
may be said to economize astronomic time, as they present to our view a class 
of phenomena which will require an immense aeries of ages for their development 
in the planetary system. 

The three first aatelhtes of Jupiter are eubjected, by their mutual action and 
that of the planet, to two very remarkable laws, not less simple or constant tlnin 
those of Kepler. There ia a reciprocal dependence between their movementj 
and their positions, so that the place of two of them being known, that of ih? 
third ia thert-hy determined ; and as one consequence of this state of things, they 
can never be all three eclipsed at the same time. Laplace had discovered th<*e" 
taws, and had demonstrated that they are necessary results from the mutual 
action of the satellites, and that the same cause tends to perpetuate their opera- 
tion. AH observation afiiirding subaistent proof of the truth of these luws 
Delambre made those admirable theorems of Laplace the basis of hia researches 
Ho hnd occupied several years in the composition of ecliptic tables founded upon 
them, when the Academy of Sciences proposed the same inquiries as the subject 
of a prize. This was awarded to Delambre. As he had before obtained this 
distinction on account of the planet Herachel, ho now a second time earued it 
on account of those of Galileo, A short time before this he had been elected a 
member of the Academy. 

About this time the execution of a grand and difficult project was set on foot 
in France — a project whose importance hod attracted the interest of all en- 
lightened nationa, its object being to cstabliah a uniform system of meaanres 
founded on aomo natural and invariable base. As the chit'f element of the 
French metrical aystem, a determinate portion of the terrestrial meridian was 
fixed upon, and a fortunate opportunity was thus ofiered of renewing those im- 
portant geodesic operations which have carried to probably the highest attain- 
able degree of precision our knowledge of the figure and dimeneioaB of ths 
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gbbe. To Delambre and Uecfaain was confided the task of measnriiig an arc 
of the meridian from Dankirk ae far aa Barcelona — a vattt undertaking, whose 
character, progress, and difficulties it ia impossible here to detail. Suffice it to 
t&j, that its success was principally dae to Delnmbrc ; he has written its hie- 
taiy, and it is to his works we must resort if we woald acquire a just and 
accurate knowledge of the care which it exacted and the results which it 
produced. 

To trace this meridional line of more than two hundred leagues in length, 
and actually to measure it in its whole extent, is what could never have been 
proposed : it ia the office of geometry to supply the place of immediate measure- 
ment But what a multitude of obatacles does the execution present ! The 
temperature of the air and of solid bodies is contioually changing; the atmos- 
phere, whose state ia so variable, deflects light trom a direct course ; the unequal 
height of the points to be observed, the difficulty of selecting, placing, and 
maintaining signals, all conspire against the exactness of results, which ntay 
be varied ^so by the attraction of mountains and influenced by inequalities in 
the figare or mass of the globe. Physics, astronomy, and mathematical analysis 
must combine their lights to dissipate these causes of nncertainty and error, 
and to enable the operator to distinguish among the various species of proof 
that which ia applicable to his immediate object. 

Wa roust restrict ourselves here to citing one remarkable instance of verifi- 
cation which occurred in comparing the two bases of Perpigoan and Melnn. 
each in extent about three leagues. Delambre had taken the length of both by 
actual meastirement. Xow, one only of these measurements was necessary, for 
the two bases being comprised in a common chain of consecutive triangles, the 
one could be deduced from the other by calculation. Qaving submitted the 
operations to this singular proof, the more decisive from the fact that the two 
bases are about two hundred and twenty leagues distant from one another, it 
was found that there was not the difference of the third of a metre between the 
resnlt of the calculation and that of the measurement. Thus was determined, 
by a trigonometrical operation, a line of about three leagues in length from a 
distance of more than two hundred leagues, and the error was less than a foot, 
ibat is to say, the thirty-sixth thousandth part of the lino calculated. I will 
uoc say that Delambre was surprised at this coincidence ; but he was at least 
highly gratifled, for it was the result alike of his own assiduity and of the 
astonisluog accuracy of the instruments. Those used for the measurement of 
angles, as well as for taking astronomical observations, were the repeating circles 
of Borda, whose advantage especially consists in the distribution of any one 
error over a multitude of observatious. The process adopted for measuring the 
bases, which is likewise due to the same great physicist, consists in the right 
application of a measure formed of platina, which serves at the asme time aa a 
measnie aad a thermometer. 

Thus far we have spoken only of difficulties incident to geodesic operations 
in general, but the conductors of the grand work we are considering were often 
impeded by obstacles of a different nature. Their progress was beset not only 
with keen anxieties, but injurious auspicious and personal annoyance. Hechain, 
vho bus let^ us a great number of highly valuable obsorvations, was subjected 
to quite a long imprisonment, and suffered much from the effects of unremitting 
fuigue. The principal operation, however, was finished, and, as he had always 
deiigned, Uechain wished to carry the measurement as far as the Balearic 
itlands, but died in a foreign land before the results of hie painful labors were 
lud before the public. Delambre, to whose share had fallen a much more ex- 
tensive portion of the work, collected all the elements of it, and published them 
in a leading work which must he regarded as one of the noblest monuments 
of science. He had quitted Paris in the last days of the month of Jnnei 
1792. It is easy to judge bow little &Torable the political condition of f^WQ4 . 
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at the time, and the violent paBBionf which inflamed all the parties of the realm. 
most bave been to a scieutioo esterpriae whose advantages coold only be appn- 
dated hy enlightened minde. 

Suspicions accordinglj were soon exeited bj the arranrements which it waa 
neceaeat; to make, especiallr dnring the oight, and by t£e employment of in- 
comprehensible signals and instruments. The TilU^rs flocked K^thcr; they 
qaeationed the astronomers, and demanded the instructions under which ithey 
acted, and which seemed to those ignorant minds the cover to some zailty mys- 
tery. Uelambre, who always believed that good faith, patience, and the desin 
cff being useful, would triumph over all obstacles, showed the instruments, ex- 
plained their ose, and, to employ his own expressions, undertook to give leeaons 
in geodesic astronomy on the public squares of Lagny, Epinay, ana St. Denis. 
By this means he succeeded in convincing some of his andicors. fiut the re- 
newal of these annoying and perilous iotermptionB made a suspension of the 
work unavoidable. And although this first obstrnction was not of any long 
duration, and Delambre waa allowed after a while to prosecute hia origin^ 
opeiationi, yet he waa called shortly after to endore a persecution stiti more 
odious and protracted. Under the most frivolous pretexts he was excluded 
^m the commission for determining the new system of measures. The record 
of this decision may still-be cossnlted, and we there see that it was the modera- 
tion of hie opinions, which wait imputed to him as a crime, and which ted to his 
being forbidden even to take part in the measurement of the meridian. The 
same order excludes Borda, Delambre, Coulomb, Laplace, and Lavoisier; it 
bears the signatures of Robespierre, Billaud-Varenne, Coupon, and CoUot-d'- 
Herbois. How significant this apposition of names, the most illastrions and 
the most odious. But I shall not detain yonr attention on those unhappy 
times which are already far removed from us ; the history of science delighta 
only in the recollectiooa of a state of public harmony and concord. 

Delambre might well entertain disquieting apprehensions, and he accordin^y 
did all in his power to cause himself to be forgotten. Restored to his seden- 
tary occupations, he divided his time between science and letters. The Hnsee 
a second time embelliBbed his retreat; they hod animated his youth ; they con- 
soled bis manhood, llie Husea are beneficent and hospitable; tbey ofier an 
asylum to every misfortune; they welcome outraged merit and lift it above the 
iif|iutice of cotemporaries ; they smile upon those who havejio patrimony but 
their time and fill their solitude with charms ; to all conditions of life they 
whisper consoling hopes and inspire noble sentiments. 

Alter an interruptiun of two years, Delambre, who had carefully preserved 
iJl the results of his labors, found it practicable to renew his exclusive attention 
to them. He resnmed them at first under a different title, but after do long 
time arrangements for continuing the measurement of the meridian were fully 
restored. With his nsual constancy, Delambre prosecuted all the details of the 
vast undertaking, which was completed before the last year of the century. 
The results obtained were calculated according to different methods, several of 
which were proposed by Delambre. A remarkable theorem of Legendre's was 
also employed in these calculations oud evinced its peculiar adaptation to the 
uses of geodesic mensuraticoi. 

When the importance of the subject is considered, the questions of astronomy, 
geometry, and physics, which it was necessary to resolve, the celebrated names 
of French or foreign savants, who lent their co-operatioD to the inqniry, and 
the weighty and durable consequences of ils result, it is not too much to say 
that no other application of science is to be compared with this as regards its 
character of exactness, utility and magnitude. Such was the judgment passed 
mion it by all the academies of Europe, and the opmion of the Institute o^ 
France was formally expressed when c;illed upon to designate the moat import- 
ant application of mathematical or physical science which had occurred witiua 
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ten jmit. IVltb entin unanimity of Boffragee the prize was aasigned to the 
uthor of the baw of the metricAl flyetem. 

The length of a determimite part of the meridiffn was at taet known with ex- 
tntordinary procieioi), and npon this resalt, together with that of the memorable 
cxperimentB of LefeTre-Oineac, has been founded the eBtablisbed eyattm of 
Flench meaaoree. 

This great work comprehends all the experiments which have been made in 
different places on the length of the pendulum conformably to the processM 
iDTented ny Borda; as well as all the observations made with the design of 
prolon^ng the arc of the meridian to Fromentera, and aleo towards the north, 
where it nnitea the geodesic labors of France with those of Great Britain. 

One of the most remarkable reealts of modem science is that which relates 
to the elliptical form of the terrestrial globe. The flattening of the regions 
aroimd the poles, as determined hj the revolotion of the ^obe npon its axis, is 
demonstrated hj all onr geodesic measurements, as it is also by a comparison 
•f the lengths of the pendulum; and, what mnet be regarded as one of the most 
astonishing atCestataons to the perfection of our astronomic theories, the measure 
of this ellipticity is dedncible with great exactness from an attentive obaerro- 
tion of the movements of the moon. In the conrse of that planet, irregnlaridea 
have been discovered which are owing to the action of the earth, and which 
eonld not exist if the earth were an exact sphere. Even the amount of the 
flattening has been deduced from these irregularities with more precieion than 
WIS attainable by immediate measnremente carried on HuccesBively in different. 
r^ions of the globe. 

In this we see a striking proof of the progress of science, for not a centuiy* 
hai elapsed since the elliptical figure of the earth was Btitl a problem. Not. 
only was the depression of the polar re^on dispnted within the walla of acade~ 
mies. but a theory directly the contrary of this had been proposed and obsti- 
nately maintained. In our day all doubts are resolved. Geodesic operstions- 
in Fnnce, England, Equatorial America, and the British possessions tn India;: 
a eomperison of the length of the seconds pendulum as observed in different 
climates; and, as already remarked, the theory of the lunar inequnlilie^— all: 
concur in giving the same value as the measure of terrestrial ellipticity. But 
this qnestion of the figure of the earth, so prolific of important reBullB, can never 
bs discussed witbont reference to that great system of operations for which, we- 
Bie mainly indebted to Delambre. Already an associate of roost foreign acade- 
mics, and member of the bureau of longitudes ia France, he was elected by ihe- 
Institute perpetual secretary for the class of mathematical sciences. 

We must now advert to the happy union which be contracted with a party- 
every way worthy of him, the mother of a youth named De Pommard, who had 
accompanied him in all his geodesic expeditions. Under the tttition of this 
moUier, the young man hod acquired, in aadition to correct principles of literary 
tsste, a familiar acquaintance with the finest productions of foreign literature. 
Delambre attached himself more and more to this companion of his labors, 
developed his talents, and enlightened him by his coansels and example. The 
Buther appreciated justly the value of such a friendship, and it is not difficult 
to imagine how much her heart was touched by the advantages which resulted 
turn it. Having become a widow, Madame de Pommard espoased the friend, 
and protector of her son — the man whose talents and character were honored 
by the whole of scientific Europe. She honored them herself, fbr no one could 
Mtter appreciate high endowments of the heart and intellect. I'bo motives 
*hich brought about this union rendered it fortunate ; but the family thus tm- 
<laly united was not destined to a durable happiness. It was smitten by ths 
vwxpected and deplorable loss of the sou, who hod been the object of ao many 
' *0*B, anxieties, and hopes. His mother found at least as muchi consolation as 
I dit calamity admitted of in the tender afibotion of Delambre. Thns eighteen 
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jean paswd awaj in the boeom of friendship, confidence, and peace ; in eon 
genial occnpatione, And the crcrciac of mutool kindneaa. In the mean time 
Delambre had auccoeiled Litlonde in the chair of astronomy at the College of 
France, and waa appointed one of the principal titvlarift at the anivenitj. 
For twenty yeare that he exercised in one of the claases of the Inetitttte and 
in the Royal Academy of ScienceB the function bestowed on him by the Btif- 
fragea of hia colleagues, he cannot be said to have ever once swerred from the 
line of strict impartiality and eqnity ; and though fidelity to such duties be bnt 
the acquittal of an obligation, and no proper subject for formal enlogy, yet it 
can never be useless to cite aa an example that cameftneas of purpose which 
always animatt-d him, or that considerate indulgence which was so much a part 
of hia nature that no personal motive or even injustice could affect it. In hie 
annual reports, in ihe historic eulogies which he gave to the public, and in hia 
delineations of the progresa of science, we everywhere trace the constimmate 
emdition whicb distinguished him. and recognize a talent for writing formed 
upon the nobUst models. Above all, we would signalize that neculiar tempera- 
ment which made it for him an agreeable and ca«y office to exhibit the prodnc- 
tions of others id ihe moat favorable light, while at the same time he did not 
permit himself the slightest deviation from the truth of history. 

His lirerary and scientific labora were eo numerous and eztessive that we can 
scarcely be expected to recount them, or even distinctly to explain their objects. 
Suffice it to say that, besides all the works or memoirs which he pnblished sepii^ 
ately, or inserted in the academic collectiona of Paris, Berlin, and Tniin, and m 
that known as " La Conuaigsance des Temps," [we have from hia hand a com- 
plete historical series, compriaing " The History of Ancient AaUt>nomy," in 3 
vols. 4to., 1817 ; " The History of the Astronomy of the Middle Age»," 1 vol. 
4to., 1819 ; " The History of Modem Astronomy," 2 vols. 4to., IBiil ; " The 
History of Astronomy in the Eighteenth Cenluiy," and " The History of the 
ileasurement of the Earth," the two latter having been published since his death; 
of which works it has been justly said " that no other country baa produced 
anything of the same kind of equal extent and valua"] The enumeration of 
Buch labora would constitute the most unequivocal title to literary merit, as bemg 
calculated to display it in all its brilliancy without effort or exaggeration. If 
this teat were applied to the works of Delambre we could not be deceived as to 
the rank they most occupy in the bietory of the sciences. Before him astro- 
nomical calculations were founded on numerical processes, which were at once 
indirect and irregular. These he has changed throughout, or ingenioualy re- 
modelled. Most of those which astronomers use at the present time belong to 
him, having been deduced from analytic formulas, which, ia their application, 
have been found alike sure, uniform, and manageable. The new tables which 
he has given us of the sun, of Jupiter, of Saturn, of Uranus, and of the satellites 
of Jupiter, at least some of them, may have been considerably improved by re- 
cent labors founded on a greater number of exact obscrvationa ; yet, in the pre- 
sent state of astronomy, aod up to this day, the tables of Delambre jnst mentitmed 
are thoee employed in the calculations made for the " Connaissauce dea Temps" 
and for the nautical and astronomical cphcmerides of most nations. In addition, 
the geodetic operation, for which we aic chiefly indebted to him, and of which 
he bore the greatest ahare, is the most perfect and extensive which baa been 
execated in any country. It has served as the model of all enterprises of the 
kind which have been since projected. 

That the labors of Delambre should have had tliis influence on the method 
of astronomy is the more remarkable, considering the somewhat advanced age 
at which he came to the cultivation of the science. He was more than thiny- 
five when ho began to practice observations. The history of the sciences, bow- 
ever, is not without such examples. Kewton, it is true, waa in possession of all 
bia great mathematical discoveries at an age which Leibnitz had not yet attained 
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when Tib firat devoted himaelf to such etadies, yet Leibnitc, but a few years 
later, was one of the inTentors of the infiDitesimal analyBiB. Bnt it is to be re- 
membered that both Leibnitz and Delambre had been diligent etudents from 
their earliest yoath'; they bnd acquired, ao to say, the literary habit j theirmiads 
bad been disciplined to long research. In the works of DeUmbre we possess 
an almost complete astronomical library ; in his Treatise on Astronomy every 
known methoa is reviewed and compared; while his histories of the science 
farniih a complete dednction of its progress throagh every stage, from the moat 
remote epochs to the year 1832. The latter portions of this work, anpnbliahed 
doriag his life, have received the Bupcrintending care of M. Matbieu, an asso- 
ciate of the institute and a former ^mpil and friend of the deceased. 

We will not here recall the queetlana which have been raised respecting the 
origin of astronomical knowledge among the ancients. Such a discui^eion would 
involve an attentive study of all extant monuments, and the solntion of many 
difficult questions in spherical geometry ; it implies, also, a critical ezaminatiou 
of the most ancient sources of hiatorical infonnation. Those sources are all in- 
dicated iu Delambre's work, and his learned analyeia can never be dispensed 
with, whatever be the opinion we may form on the general subject. What, more 
than all. distinguishes his history of ancient astronomy from the works which 
pi«c«Kled it having tbe same object, is the core which the author has taken to 
give a clear explanation of the methods pursued by each successive astronomer. 
These be has rendered by means of the signs employed in modem analysis; and 
it is remarkable that in rendering be baa in aunost every instance suggested 
some improvement in the meihod. 

The long and persevering labors which engrossed him to the last, and from 
which nothing could divert him — which knew, indeed, no interruption but the 
few hours of aleep he allowed himself, began to tell more and more upon his 
health daring the last years of his life. The malady throagh which bis services 
were at last lost to science declared itself in July, 1822 ; and from the first a 
fatal issue was foreshadowed by long and freqnent faintings and a total loss of 
strength. lie seemed, himself, to foresee the event, preserving to the last in- 
stant his unalterable evenness of temper and serenity of mind ; so that when the 
scene finally closed on the 19tl of Angust, 1822, it might be truly said that, 
thoBgh be had snfTered much, he had given utterance to no complaint. 

Were this the place to recall those scenes of regfrct and sorrow which followed, 
what could bo added to the noble and touching words prononnced at bis obse- 
quiest What tribute of honor to his memory could hope to vie with that in 
which bia illustrious colleague, the witness of his labors and his virtues, embod- 
ied the regrets and valedictions of this Academy 1* 

A sketch has been thos given of the most remarkable incidents in the life of 
Delambre. If happiness consist in ennobling occupations for the mind; in tho 
eierNSo of benevolent affections, and the mastery and possession of one's self, 
what destiny could be happier than hisl He enjoyed no exemption from the 
passing annoyances of life, but its most lasting and desirable Dlessings were 
secored to him as the result of assiduous study, disinterested friendship, and 
inflexible integrity. The consistency of his character was maintained in every 
tituation, as well by the moderation of his desires when deprived of the advan- 
tages of fortune, as by the use which he made of those advantages when he 
poasesseil them. From earliest youth be hod imbibed at its very source a fa- 
miliarity with all that antiquity has left us of the true and the sublime ; and bis 
maturer life was passed in a contemplation of the phenomena of the universe, 
ud in an intimate aeaociation with the most celebrated of his cotemporaries. 
No feelings of bate, no bitter r^rets, no ambitions desires troubled his spirit ; 

* Tha funaral dlicoone at tha grave of Driambre wa« pronoanced bj Cnvler. 
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offence he offered to none, and eavy itself reepected hia repoee. How flivr are 
tbe diBtiDgniehed men to whom sacb a lot was granted; and how eaeilr ccold 



this reflecdoD be made more etriking bv a recit^of eome of the exalted u 
which preceded bim. How melancbolj the contraat which ia preseuled ii 
exile of Tycho, the indigence of Kepler, the illnstrions migfortonea of Galileo. 



Delambre has left works whose extent and nature place him in tbe first rank of 
the promoters of science. Bodi poetry and friendship have been exerted in his 
praise; and if anything is wanting to his memory, it is a snccessoi who might 
more worthily bave execnted the present attempt to do justice to his cbaractet 
and genius. Bat history, with its eloqaent and &ithfnl voice, will redress even 
this disadvantage in perpetnating to after ages tbe recollection of so many tisefnl 
and noble labors. 
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Thb pieciee determination of the velocity with which light traverses sp&cc, 
fiist accomplished by the aid of astronomica] observatioDB, itnd then reduced 
to the proportions of>ft simple experiment of physics, made in a laboratory of 
small dimeusions, constitutes certwnly one of the woudera at modem science. 
We propose to exhibit in this essay the diSerent phases through which the 
problem has passed, and the various methods which have been anccessively 
employed to yrive at its solntion. 

We will first endeavor to convey a dear idea of what is understood by th« 
vtlocxly o^ light. 

In order to account for the various phenomena of optics, physicists have 
imsgiaed two systems* in reference to the ultimate nature of light. According 
to one, every Inmiuoaa body ihrowa oat continually and in all directions into 
space corpuscles of an extreme tenuity, which in penetrating our eye there 
produce the sensation called light; this is the tyitetn of emUsion. According 
to the other, light is the vibratory motion of an excessively rare flnid existing 
in all space, and known under tho name of ether ; a luminous body only pro- 
duces and keeps up around itself this vibratory movement which is progres- 
lively propagated Co an indefinite distance ; this constitutes the iy$tem iifvndit- 
lotto*. Can we certainly say that either system is a true expression of what 
exists t We cannot. For a long time one system as well as the other ac- 
counted for all known optical pheuomena ; now wo know that certain phe- 
nomena that we have succeeded in producing cannot be explataed by the sys- 
tem of emission, whilst the system of undulation logically embraces them; 
the latter, therefore, of the two can alone be the true expression of the facts. 
Bnt it may happen that at some futnro day we will discover new phenomena 
which will be no more explicable by tho system of nndulation than those men- 
tioued can be by tho system of emission. Bnt however that may be, it Is 
necessary, in order to give clearness and precision to onr reasoning, to represent 
the phenomena as taking place according to one or the other system, provided 
we do not absolutely give our mental consent to each a system as being a true 
expression of existing facts. ■ 

In the system of emission the luminous corpuscles thrown out in all direc- 
tioDB are in reality projectiles which move uniformly and in strught lines, 
provided they are not submitted to causes of change of motion, snch as those 
which result from the meeting of ponderable or gross matter. The velocity 
widi which these projectiles move in space is what we call the velocity of light. 



on Phjiica fur the tme meoaiiig of tbiise words, wbich, nnfoitmiat^;, are so gsiieiallr mis- 
imdeiRtood and tbongbtleuly tued. An hvpothMls maj be defined u an ouumti laie, 
wbeivasa theory U "theexact expression M the law of a class of facta," aaimj be termed 
• t JMif i i d kfpalkt$i*.—Tramalaur. 
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According to the STatem of uadolation ligbt ia produced by a snccessioa of 
Tibratt^ry motions of the ether which emanate from the InmiDotu body and are 
propagated iudefiaiteljr aronad it into apace. We can arrive at a clear idea of 
anch propagation hy obaerving the circular warea which dilate from a centre 
of agitation on a amooth liquid aurface, aach, for example, aa are produced when 
we caat a atone into a calm lake. The laminona wavea are apherical, and have 
for common centre the aonrce of tbo light ; they expand aa they move forward, 
like the circular wavca formed on the aurface of tho water. If we imagine a 
atraight line drawn from the centre of vibration and extended indefinitely into 
apace, each laminona wave will reach the difierent pointa of that line along 
which it uniformly progreasea ; the velocity of the light ia the length the wave 
mna over on that line in the nnit of time. But we can also have a clear idea 
of the velocity of light without adopting any hypotheaia in reference to the 
manner in which it ia produced. If a source of light, a candle for example, ia 
lighted or extinguished suddenly, this instautaneons phenomenon wilt not be 
perceived at the aame instant at all pointa of the space from which we can 
obaerve it. If we are quite near to the light we will percoive it immediately ; 
if wo are far off there will be a certain amount of time between tho production 
of the phenomenon and ita perception by the eye, and this time will be bo mnch 
the longer as the distance between the source of light and the eye ia greater. 
The phenomenon of which we have juat apoken taJtea, therefore, ii certain time 
to run over tho distance which separates the place of its production from the 
eye of the obaerver, and it is natural to admit that it takes equal timce to ran 
over equal portions of that distance; that ia to aay, that it progresaea in any direc- 
tion wliatever, like a moving body animated with a uniform velocity. The 
velocity of light ia the velocity with which a phenomenon of light ia thus 
propagated to a distance ; or, iu other terma, it is the distance at which the 
eye ought to be placed from the point wliere the phenomenon ia produced, in 
order that a unit of time may elapae between the inatant of ita production and 
the instant of its perception by the eye. 

After what has been said, nothing can be easier than to invent the means to 
determine the velocity of light. It will suffice to proceed aa we always do 
when wa desire to measure the vi^locity of a maaa moving uniformly. If we 
wish to detenmne, for example, the velocity of a trun on a railroad, we place 
onrselvee in one of the cars, and, furnished with a aecond-watch, we observe 
how many seconds elapae between the inatant of paaaing one mile-post and the 
inatant of paaaing the next post following ; if we thua find 2 minutea or 1 20 
secoada.we divide the diatance of 1 mile or 5,230 feet by 130, and the quotient 
41 ehowa that the train runs over 44 feet in 1 second. In geneial, wo observe 
the time employed by the body to move over a known diatance, and the* we 
divide the distance by the time expressed in accooda, and the quotient is the 
velocity iu one second of time. 

In order to apply this method to the measure of tho velocity of light, let ua 
imagine two sourcps of light, A and U, two lamps with reflectota, for example, 

tilaced several thousand yards apart. If we suddenly place just before the 
limp A a acreen, the observer at B will not at that inatant see the light at A 
diaappcar; he will see it disappear only after the time employed hy the light 
to run over the distance between the two lamps. If at the very instant that 
the observer at B sees the light A disappear be acroena, in hia turn, the light B, 
the obaerver at A will not see the light B diaappear until a short time after it 
haa been screened, on account of the time the light occopiea to run over the 
diatance between the two lampa. Tho interval of time comprised between the 
instant the lamp A was screened and the inatant when the observer stationed 
at that lamp perceived the disappearance of the lamp B, is, therefore, the time 
employed by the light to mn over twice the distance A B ; if we meaanre this 
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time hj any meiuia whataocvcr, we have only to diride doable the dUtance A B 
by the time foand in order to obtain the Telocity of the light. 

In proceeding as we have just indicated, no matter how great may be the 
distance of the two lamps A and B placed on the surface of the earth ao that 
either may b^aeen from the place where the other ia etationed, we always find 
that th£ time elapsed between the instant the screen is placed before the light 
A and the instant when the light B diaappeara to the observer etationed at A is 
absolutely inappreciable. It appears aa if the extinction of the light of each 
of the two lamps was perceived at the same instant, without any delay, at 
the station of the other lamp; that ia to say, aa if the velocity of tight was 
infinitely great. This happens because ttie velocity of light, although not 
infinitely great, yet is of a very high value ; light going over in one second 
about three hundred thousand kilometres, (about 190,000 miles,*) or 7^ times 
the circumference of the earth ; it therefore doe^ not employ, in the experi- 
ments we have jnat explained, to go from one lamp to the other but a fraction' 
of a second, absolutely inappreciable by the ordinary means of obecrvatios. 

Every one has observed that sound requires a certain length of time to come 
from a distaDCC. If we observe afar off a wood-cutter strike with his axe the 
trunk of a tree, we see each blow some time before we hear tho sound which 
it occaaioiia. On account of the extremely high velocity of light wo can say 
that we perceive tho blow at the very instant it is given by tuo wood-cutter; 
the interval of time which elapses between the instant when we see the blow 
and tho inatant when we hear it, is therefore the time employed by the sound 
to come from the tree to tho place we occupy. This time, which ia very appre- 
ciable, is so much the longer as we are at a greater' distance from the wood- 
cutter. If we remove ourselves to such a distance that the interval ia exactly 
one second, then wo will have but to measure the distance to the tree ia order 
to have the velocity of the sound. Instead of that, we con proceed aa we indi- 
cated for light, by replacing the lampa A and B by cannon whose discharge 
we can instantly bring about. It ia in operating thus that we have found that 
sound runs over 333 metres in one second of time.t There is the greatest 
analogy between the progressive transmission of light to a distance and the 
progresaive tronamiasion of aound through the atmospbere ; only light is propa- 
gated with a velocity incomparably greater than sound. The clear conception 
of the progressive transmission of sound to a distance which wo havo arrived 
■t ftom the preceding considerations renders it very easy to conceive tbe pro- 
gressive transmission of light; and in order to understand clearly all we are 
going to Bay of this last phenomenon we cannot do better than refer to tho 
analogous phenomenon of sound, which is directly accessible to our senses. 

. * In reducing the French meaanres of length to English, we have adopted Captain Eater's 
TiloBof the metro, the French unitof length, aaeqnal to aj.3707i) English inche*, or 3.-i60899 
Eagliah foot, or 0.G2M of an English mile. The brass scale modo by Truagbton for (he 
United StnCes Coast Sarrey has been declared the standard of the UnileJ States, and tbe 
vsIdp u( tbe Qiptre eiptossod iu ITnited States standard iucbes is given In the Coa^t Survtj 
Kcport, fur 18j3, as oqnal to 3D. 3G85()5:i5 United States standard incbes, or 3.28070878 
tJnited States feeL Prof. Bache, in 1856, found that the British bronze stuadard yard, No. 
II, is shorter than the American yard by U.IXK)87 inch. — Tnini^or. 

t It may bo stated, ia round numbeis, that sound, in dry air and at the froezini; tempera- 
ture, Irnvels at tbe rale of ],U9(J feet, or :tS3 yards, per second, and ovi^ty a'^diliunul degree 
of atmospberic temperalnrc. on Fahrenheit's scale, adds 1. 14 foot to that TDlocity, so thul at 
^ Fahieuheit (whleb is the standard temperaluie of tho British metrical Hysteni) it mns 
nm il.OUU feel In 8 seconds, 12^ British miles ia a minute, or 7t>3 miles in an hour, which 
■• about three-fourths of the dinrnal velocity of the earth's equator. Hence, in latitude i2i, 
if ■ gun be Gred at the moment a star passM the meridlaa of any statioD, tbe sound will 
TMcHuiy other stationexoctlr west of it at the precise iostant of the some star's arriving on 
Ma metidioa. — Sir J. Hcnchd. 
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DISCOVBBV OF TUB VKLOCITY OP LIOBT, BY SOBMEB. 

Daring a long period we had no knowledge of the velocity of light. On ac- 
count of the extreme greatness of that velocity, the phenomena of light pro- 
duced on the earth being perceived immediately at considerable diatancea on 
the surface of the globe, it was nsnal to consider the passage of light thronch 
apace as absolutely iuetautaneoas.* The houor of the discovery of the pro- 
gressire tranemisaion of light and the determinatioa of the value of tta velocity 
is due to Eogmer, a Danish astronomer who waa indaced by Picard to settle in 
France in 1072. Ho made the important discovery by examining and discosi- 
ing with care the observations on the eclipse of the first satellite of Jupiter. 

It is well known that Jupiter, the greatest of the planets which, like the earth, 
circulates around the snn, is accompanied by four moons or eatellitee. These 
satellites move around the planet in the same manner as the planets move 
around the son, confonoably to the laws of Kepler; their elliptical orbita are 
in planes slightly inclined lo the plane of the orbit of Jupiter. The planets 
and their satellites have not a light of their own, and we can only see them 
when they are illuminated by the sun. If any obstacle prevents the light trom 
falling on one of these bodies, it becomes invisible, or, in other words, it is 
edipted. This is what happens frequently to each of the satellites of Jupiter. 
The satellite in circulating around its planet comes to a portion of its orbit which, 
relatively to the sun, is behind Jupiter; the planet intercepting the rays of the 
BUB, the satellite is eclipsed for a certain time : this is a pnenomenon entirely 
similar to the eclipses of the moon which we from time to time have the oppor- 
tunity of observing. If we imagine a cone enveloping at the same time the 
sun and Jupiter, bo that the surface of the cone is tangential to the two spheres, 
the light of the sun cannot reach any point of the space situate within the cone 
and beyond Jupiter ; this apace is what we call the umbra or nmbral cone of 
the planet. A satellite is eclipsed every time that in circulating around the 
planet it penetrates this umbral cone; and the eclipse ceases the instant it has 
traversed it. On account of the large transverse dimensions of the nmbral 
cone of Jupiter due to the size of the planet, and also on account of the slight 
inclination of the orbits of its satellites to the orbit the planet describes ar6und 
the sun, these satellites penetrate at each of their revolutions the nmbral cone; 
there is an exception alone for the fourth satellite, (that which is the furthest 
from the planet,) which paasea sometimes above or below the nmbral cone with- 
out penetrating it, when it passes in the parts of its orbit the most distant from 
the plane of the orbit of Jupiter. 

The eclipses of the first satellite of Jupiter (that which is nearest to the 
planet) are much more frequent than those of the other Batetlitee, on account 
of the rapidity with which it describes its orbiL These eclipses arc repeated 
at intervals of about forty-two hours and a half. Also the eccentricity of the 
orbit of this satellite being insensible, its movement around the planet is circular 
and uniform : there necessarily results a great regularity in the occurrence of 
the successive eclipses. These phenomena are easily observed from the earth, 

*Tbeeiperi[neut of tbelighta expIaiDed above wu made bjGatilM, and did not give any 
result. SubnequeDtly, DescartM Ihanght of k celestial phenomenoD nhich be imaeiued wciild 

be affected bj trie proj^easive transmiiiHion of light, tie saw that if light occupies a cert^n 
time to traverse the digtauce whicb 8eparal«8 ds from the moon, then that satellite, at the 
momeot it is eclipsed bj the inlerpoaitioD oF the earth between the sqq and the moon, aboiild 
not appear to oci'upy Id the heavens a pOBitiun diamotrically opposite to the gan ; it should, 
on the contrary, appear notably distant fnim that position. Observation did nut show any- 
thing Btmilar, and lie concluded that light waa tiausmitted iDstautaaeoaslj through space. 
These negative rcsolts only prove that the velocity of light is too great (o produce, in (hesa 
circumstances, eSacts appreciabU by the meaus of observation ooiployed. They can, at tba 
most, 08 Huygliens remarks, furaiah an inferior limit to the velocity of light, and do not at 
lil prove tliat this velocity is infinite. 
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even with telescopes of rather low power, which suffice to render the eatelliteB 
of Jupiter very aJBtioct ■when they are not eclkuted. We ought, however, to 
TemarK thnt it ia never poesible to observe the beginning and the end of the 
game eclipse of the first satellite, because, as we only see the umbral coae ob- 
liqnely, a good pornon of this cone, at the distance of the first eatcllite, ia bidden 
from as by the plauct itself. If we observe the satellite when it entera the 
umbral cone, it pasees soon behind the plauet, which prevents us from seeing it 
go ont of the cone. If at other times we observe it when it comes out of the 
umbral cone, a ehort time before, and especially at the momeut it enters the 
cone, it ia hidden from us by the planet. When Jupiter is to the weat of the 
eon, the umbral coae, which la always on the side away from the snu, is situate 
to the west of the planet; we therefore see the first satellite enter the umbral 
cone, but we do not see it go out, or, to use the language of astronomers, we 
see the immersion of the satellite, but wo do not see the rmertion. When 
Jupiter is to the east of ^the sun, it is the contrary that happens: the umbral 
oone is projected to the 'east of the plauet, and we caa observe the cmersioa 
whilat the immersioa is invisible. 

Whilst ia Padua, in 1610, Galileo discovered the satellites of Jupiter. The 
rapidity of the diaplacement of these little spheres to one aide and to the other 
of tha planet, the frequency of their extinction and of their reillumiuation, 
naturally excited the curiosity of astronomers, who accumulated observations 
on them. It was in studying these observations on the immersiuna and the 
emersiouB of the first satellite, in order to arrive at the meana of predicting 
their eclipaee, that Roomer made the capital discovery which we now propose 
to discuss. 

In order to fully comprehend the influence of the progressive trausmiasion of 
light througli space on the observations of the eclipses of the first sateUite of 
Jupiter, and clearly to understand the manner in which BoCmer waa enabled 
to deduce the value of the velocity of light from the numerous observationa of 
this phenomenon which had up to that period been tabulated, lei us take an 
example relative to the progressive transmission of sound in our atmosphere. 
Suppose that the same sound ia repeated regulatly at equal intervals during 
any given time ; this sound ia produced, for example, by a wood-cutter who 
Btiikes with his axe a tree, or by a blacksmith who strikes with a hammer a 
pieee of iron on his anvil. If we are quite near to the spot where the aoand 
IS produced we hear and see at the same instant each blow. If we remove to 
a oistanco we no longer hoar the blows at the same time we see them, and 
the interval of time which elapses between seeing and hearing the same blow 
becomes greater as the distance is increased. If, when far oif, we come near, 
then go off again, and then come near, and so on, the interval of time between 
Beeing and hearing the same blow increases as we increase the distance, dimin- 
ishes as we diminish the distance, increases again with the distance, and so on: 
it thence results that, notwithstanding the regularity with which the blows of 
the axe or hammer arc given, the successive sounds which wo hear have not 
equal intervale, since the sounds which follow the blows which produce them 
■ are at interi-ala of time which alternately increase and diminish. When we 
walk towards the wood-cutter or the blacksmith, the sounds which we succea- 
lively hear are at shorter intervals of time than the blows of the axe or 
hammer, and the sounds are at greater intervals than the blows when we walk 
away from the wood-cutter. In walking with a regular step the circumference 
of a circle in ibo neighborhood of the place where the wood-cutter or the black- 
smith works, we willboHometimesfurtfieroffandaoraetimesnearer to the place; 
and while wu observe the blows succeed each other yith great regularity, we 
L«ar the aouude occasioned by these blows succeed each other sometimes with 
diminishing inter\ ola, and at other times witli increasing intervals. The irregu- 
larity ill the succeaaion of tho sounds ia rendered very sensible by th« coatiaaous 
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Tariation in die time comprised between eeeing and hearing each blow; bnt 
even when we oul}' hear the blows without eeetng thera, tliat irregularity is 
alwaye detected by the attentive couaideration of the euccessive eouuds; it 
seemB as if the sonnds experienced a periodic perturbation — that they take place 
BOW before, now after the ioetants ut which we ought to bear them so thai they 
would follow each other regularly. An observer placed in the conditions 
which we have supposed, and ignorant of tho conditions of the progressive 
transmission of sonna, and who would thus hear the sounds of the axe or ham- 
mer succeed each other now with rapidity, now with slowness, as he walked 
round hie circular path, might well imagine, at first, that the blows themselves 
Lad this irregularity ; but in thinking of the manner iu which the blows are , 
produced, he would have reason to think that such a periodic irregularity in 
their production was not very probable ; and especially aa he would remark that 
tie retardation and acceleration of the successive blows coincided always with 
hia going away from or bis approach to the place where they originated, he 
would naturally be led to attribute the irregularity of the succeiwiou of sounds 
to his own change of position, and would thus be led to the discovery of the 
progressive transmission of eound. 

It was in exactly similar conditions that RoC ncr found himself when be 
examined and discussed with care the observations of the eclipses of the first 
satellite of Jupiter. This satellite, iu entering the umbrol cone of Jupiter, 
suddenly loses its light, and in coming out of the nmbral cone it instantly 
regains it. There is, therefore, in the successive immersions and emersions of 
that satellite, a series of phenomena of light which are reproduced as regularly 
u the blows of the hammer of which we have spoken above. The astronomer 
who observes these phenomena is carried by the earth each year over an orbit 
which difiers little from a circle having the sun as a centre. It is true that 
Jupiter moves nt the same time arouud the sun, so that the place where the 
eclipse of its first satellite takes place ia displaced continually round that cen- 
tra] body ; but the time of the revolution of the eo^ th around the sun being 
much shorter than that of Jupiter, the distance of tho observer from that 
planet and from its satellite experiences the same altemative increase and dimi- 
nution of distance as if Jupiter were stationary. The period of the returns of 
the observer to the same distance from Jupiter is alone modified ; it ia about 
399 days instead of only one year. If, therefore, light is not instantaneously 
transmitted to all distances, if it requires an apprticiablo time to run over a 
length such as the diameter of the orbit of the earth, we ought to find tjie 
effects iu the observations of the eclipses of which we have just spoken. If 
from observations continued through several years we deduce tie mean interval 
of time which separates two consecutive eclipses, we ought to find that the 
time is greater than the interval really observed between two consecutive 
eclipse:) while the earth is approaching Jupiter than the interval observed 
while the eartli is going away from Jupiter. If, in using the value of this 
mean interval of time which elapses between one eclipse and the following and 
setting out from an eclipse observed when the earth is at its mean distance 
from Jupiter, we wish to predict the return of future eclipses, it happens that 
th« instants when the eclipses arc really observed are sometimes in advance of 
and sometimes iu retard of the predicted epochs, according a> the earth ia 
nearer to or further from Jnpiter than at tho moment of departure from the 
point of mean distance. The times furnished by the observations for the com- 
mencement or tho ending of the different eclipses will therefore appear sub- 
mitted to a periodic perturbation agreeing with the period of variation of the 
distance of the earth from Jupiter. This ts precisely what Rofimer foand in 
discussing the numerous observations which he had in bis possession of the 
eclipses of Jupiter's first satellite; he thus found that light employs 28 
minutes to run over the diameter of the orbit of the earth aroumj- the sun, and 
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consequently 11 tninatea to ran over tbe distance which sepftrateB ua from that 
body. He pnblished hia discovery in a memoir prcBented to the Academy of 
Sciences of Paris in 1675, to which he bad been elected a member a short time 
a^r his arrival in France. The following is the account given in the Hutoire 
de rAcademie, t. i, p. 313, anu^ 1676 : 

"It VBM odIj from this v 

e' ysica hitherto DukuowD Ic 
cd piiDciple. 

"A Erent nnml 
first satellite of J . . . . . , . , 

be found ihut &t certain iiniea.it came out of tbe Bhadow a few minutes too lata, aud at other 
times tooner than it should hare done, and he could not account for that variation b; known 
ptiociples. In comparing these timeH with each other, M. Roemer saw that the satellite 
cama too late from the ehadow alnajs when the earth, in its annaal movement, vrns going 
away from Jupiter, and loo soon when it wa> approachioe the planet. From these tacts u! 
Soemei began to form the ingenious conjecture that light requires an appreciable time to 
traverse space. That grunted, if the satellite appeared to como out of tbe ehmlow too late 
when we were furthest off from it, it did not follow that it reallj did emerge too late, but ita 
liebt took longer to come to ua. for, so to speak, wo had run avra; from it. On the contfkrf, 
when we went to meet it, tbe lime of the satelliie in tbe shadow should appear shorter. 

"To test the irolh of this idea, hecalcalaied what differences in the emerMions of the aatel- 
lils currcBponded to different distanct^ of the earth, and ho t'oond that the light whs retarded 
eleven minntes fur a length equal in the diatunco of the earth frum the sun. ('ram that datum 
he announced to the Academy, in the beginning of September, that if hia supposition was 
correct, an emersion of the fnt satellite, which would take place on the Ifith of November 
following, would happen ten minntca later than it should according to the ordinary cal- 
GDlatiun. 

''The event ^reed nith the prediction of H. Rocmer. Notwithstanding this success, as 
the ides was very new, it was not at first generally received. The savans were cautious not 
to be lod astray by tbe charms of noveUy. Tho satelliLe has not for the centre of its motion 
the centre of Jnpiler. Moreover, its revolutions are more rapid when it is nearer tbe sun, 
and this should prodace irrc^lnritieB in its motion. liut these irregularities do nut exactly 
follow those josl mentioned. They oven imagined another astronomical hypothesis, which 
would fulfil ail tbe conditions, but it was too unlike anything hitherto known of the heavens. 
It might satisfy tbe calculation, hut it hod itot that probability which could satisfy the mind. 

"We must, therefore, admit the retardation of hghl as probable, according to physka, 
even though not proved by astronomy." 

The admirable discovery of Roemer was made known in an article pnb- 
lished in the Journal des Saoants of Monday, December 7, 1676, under the 
title of Demomlration touc/iaat le numoemmt de la lumiere trouee, par M. 
Roemer, de I'Academie Royate de* iScicnee*. This article, acompanied by a 
fi^re, gives a clear and sufficiently detailed explanation of tho influence of 
tbe progressive transmission of light on tbe observations of the eclipses of 
Jnpiter'e satellites. 



The ideas of Boomer on tbe progressivB transmission of light through space, 
and tha explanation that he had thence deduced of tbe alternate debiys and 
accejcrntions in the itnmersiona and emersions of the first satellite of Jupiter, 
althongh generally admitted by savans, were not, however, accepted without 
dispute. The poiat in consideration was the periodic perturbation iii tbe move- 
ment of a, single celestial body — the satellit.e According to tbe observations 
this body was sometimes in advance of and sometimes behind tbe position it 
ought to occupy according to the preconceived ideas of the nature of its 
motion ; instead of attributing these aelays and accelerations to the change of 
position of the observer and to the progressive transmission of light, could it 
not be regiuded as indicating a real perturbation in the movement of the satel- 
hte, due to a cause not yet discovered 1 The ideas of Bogmer required, there- 
fore, a confirmalion which would entirely relieve them of donbt. This con- 
finnation was given in a remarkable manner some time after. It was tw' 
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uulied hy the discovery of aberration, made fifty yean later by the celebrated 
English aatronomer Bradley. 

This phcnamenon of aberra^on coQsiats in an apparent displacement which 
all the stars and planets ezperieace on accoont of the combination of the 
velocity of the earUi with the velocity of light. la order to explain this we 
will take another example from among famitiar things, and with which we are 
all acquainted. 

Suppose that we are in a railroad car daring a rain, without wind, so that 
the drops falla vertically. When the train stops we see the rain-drops moving, 
as they really do, each in a vertical tine. Bat when the train raos on the roils, 
things are completely changed. The drops now seem to f.ill obliquely, as if a 
strong wind blew in a direction contrary to that of the train's motion, and 
obliged the vertical lines, naturally described by the rain-drops, to be inclined 
in the direction of its action. It is easy to explain this. From the interior of 
the car wo observe what passes outside through the rectangular opeuiag of the 
window. Let us consider specially a drop of rain which we perceivo near the 
upper angle or comer of the window on the side in the direction of the motion. 
If the car was stationary we would see the drop descend along the vertical 
side of the window of which that comer is the upper extremity. But the car 
moves at the same time as the rain-drop, and at the moment it arrives at the 
bottom edge of the window sash it is appreciably behind the vertical edge ; 
the quantity it is behind is exactly the distance run over by the car while the 
rain-drop was descending the whole height of the wiudow-ea«h. The rain- 
drop seems to run over a straight line which joins the point whtire it enters 
the space of the window-pane and the point where it goes out ; and as this 
straight lino has necessarily a certun obliquity, the rain-drop appears to descirnd 
obliquely ; and all the other drops of riun moving absolntely the same as the 
one we have jast considered, seemed also to move in this oblique line, which 
is but an appearance caused hy our own motion while we look at the falling 
rain. If, for example, the car progressed exactly the breadth of the window 
while the rain-drop fell through a distance equal to its height, a drop appearing 
in the upper comer of the window would seem to run over the diagonal drawn 
to the opposite lower corner of the pane. 

We will remark, in passing, that if we measure the apparent obliquity of the 
rain, we can thence deduce the ratio of the velocity of tbe rain-drops to that 
of the train, since we know the lengths of the paths run over in the same time 
by tbe drops and by the car; and if we know one of these velocities, for 
example that of the train, we can calculate the other, that of the rain. This 
method, entirely practical, was proposed several years ago as furnishing the 
means of accurately measuring the velocity of falling rain. 

Thus from the simple fact that the observer ia in motion, the bodies which 
move in his neighborhood do not appear to have the motion which they have 
in reality, the direction of their motion being altered by this circnmstance, and 
that 80 much the more as the velocity of the observer is greater. 

Keeping always our iUustration of vertically foiling rain, observed from 
the interior of a r^road car in motion, suppose that the train gradually 
changes its direction, and from mnning north to south it changes to mn trtm 
cast to west. On account of tbe motion of the car the rain appears driven 
against the troin by a wind blowing from weat to cast. If the railroad is built 
in the form of a circumference of a circle, so that the train in running over its 
whole length comes again to the point of departure, the raiu which really falls 
vertically appears from the interior of the car to fall obliquely under the action 
lif a wind blowing successively from all points of the horizon. 

circumstancea are presented when the rain, instead of falling verti- 

'ith a certain obliquity, caused by a wind blowing regularly. If 

ws the rain in a direction contrary to that of the car, the motion 
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of the car caaaee the rain to appear to fall more obliquely tban it really does ; 
if the wind blows the r^n in a direction with that of the car, the obliquity 
with which it really &lls appears dimioished, and mayi according to the 
circamatuncea, be annulled or even changed in direction; if the wind makee 
any angle whatsoever with the railroad, the drops of rain will always appear 
to fall behind the poaitious they would have if the car were at rest. In a word, 
the direction according to which the observer seated in the car eeoa the rain 
fall is more than the real direction of the riun modified as it would be if blown 
by a wind in a directiou contrary to the motion of the train. If the car runs 
over a circular road the influence of its movement on the apparent direction of 
the &lt of the rain-dropa changes progressively, so that the rain seems euc- 
cewively to come from different points of the heaven sitnate all round the 
point from which it really falls. 

If what has just been said is clearly nndeistood, it will not be difBcnlt also 
to understand the phenomcuon of aberration discovered by Bradley, a phe- 
nomenon which presents the closest analogy with the apparent change in direc- 
tion of the rain-drops of which we have just spoken. Replace the rain by the 
light which comes from the stars, and the car moving on the circular railroad 
by the earth which anaually moves around the sun in an orbit which differs 
little from a circle. The observer who perceives the light coming from the 
stare, and who is carried by the earth in its annual movement around the sun, 
receiver that light from positions in space which differ from the directions in 
which it would come to him if he were at rest, so that to allow the light to 
traverse the axis of his telescope he is obliged to give it a direction difierent 
from what it would have if he were not himself translated with a certain 
velocity. In the example of the rain-drops observed from the interior of the 
moving car, if we placed near the window a tube so directed that a drop of 
rain entering the top would pass through the tube without touching the sides, 
that tube would have the direction of the lines the rain appears to describe; 
on the contrary, we would have to give it the true direction of the falling rain 
if the car did not move. This tube stands in the place of tbe telescope, which 
the observer so directs that the light coming from a star traverses its whole 
length to arrive at hie eye placed at the other ead behind the eye-piece. If 
the earth did not move, the telescope ought to point in the real path of the light 
coming from tbe star — that is to say, in tbe straight line drawn from the 
observer to the star; but the earth being in motion, tbe telescope has to be 
directed in the apparent path of the light, a line which indefinitely prolonged 
into space would not pass through the star, but considerably in advance of it, 
when we refer its position to the motion of the earth. We therefore see the 
star in a point where it does not exist, and that apparent deviation, which is 
but an illusion arising from the motion of the observer in space, changes 
gradually in divection as the earth moves over the different parts of its annual 
orbit, BO that it returns to exactly the same conditions in the course of a year. 
Each star, therefore, seems to revolve around its real position, which point we 
do not see; and tbe angular distance which aeparates it from that real position 
depends not upon the distance which exists between ns and it, bat solely on 
tbe ratio which exists between the velocity of light and the velocity of the 
earth. If the two velocities were comparable, that is to say, if the ratio of the 
greater to the emallcr was not a very large number of units, wbii:b ia tbe case 
with the velocity of falling rain compared to the velocity of the train, the 
apparent deviation of which we have spoken would bo very considerable, like 
the deviation we observe in the falling rain when we are in a car, which from 
a state of rest commences to run rapidly over the rail. If, on the contrary, 
the velocity of light were incomparably gre.iter than that of the earth, and as 
infinity compared with the latter, the apoarent deviation of tbe rays of light, 
due to the velocity of the earth, would be extremely small, and might, on 
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account of ita minuteiiess, escape oar invcatigationi, not withstanding the pre- 
cision of the moftos of observation employed bj modem aatronomy. But 
neither of these cases is presented for our consideration ; it is true that the 
velocity of the earth is very emitU compared to that of light, bat not so email 
that the apparent deriation due to the velocity of displacement of the observer 
ia insensible ; this deviation, for its maximum, is about 20 seconds of a degree, 
a quantity not only appreciable, but also even measurable vith great precisioo 
by the ud of the instmments which now exist in observatories. 

It is in this apparent deviation of each star, a deviation which chaoges in direc- 
tion from one pedod of the year to another, so that the star appears to revolve 
annually around its real position, that consists the phenomenon of aberration 
discovered by Bradley. We will content ourselves with having given in what 

5 recedes a general idea of the cause of the phenomenon, and we will not en- 
eavor to show how by setting out from the causes indicated we can find the 
laws it follows during the different times of the year. We will simply state 
that the total apparent motion whi^h results to each star takes place in an 
ellipse whose greater axis, as it is for all the stsra, is seen voder an angle of 
about forty seconds of a degree ; this greater axis is always directed parallel 
to the ecliptic. As to the smaller axis of the ellipse, it varies from one star to 
another, and it is so much the smaller aa the star is nearer the ecliptic: equal 
to the greater axis for a star situate at the pole of the ecliptic, reduced to zero 
for a star situate directly on the ecliptic. The ellipse of aberration, therefore, 
corresponds with a circle at the pole of the ecliptic, and in going &om that pole 
it becomes more and more flattened as the star to which it corresponds is found, 
nearer to the ecliptic, so as to be rednced to a simple straight line of a length 
equal to the greater axis for each star situate on this great circle of the sphere. 
As it often happens in the science of observation, Bradley discovered aberro- 
'tion without seeking for it. Molyncox hod placed at Kew, near London, an 
instrument constructed with the greatest care by the celebrated Graham, and 
destined to observe with all possible precision the passage of stars near the 
'zenith. The object that astronomers had in view was to arrive at some precise 
data of the annual parallax of the stars. Wo know that the annual parallax 
of the stars is the displacement with respcct'to each other which the different 
stars ought to appear to tis to have at different periods of the year, because we 
successively see them from different points of the orbit of the earth, so that, 
in going from some and in approaching others, we see tbem under different 
aspects OS the earth carries us in its motion around the sun. Since the 
general adoption of the system of Gopemicns, astronomers were desirous to 
prove the existence of that annual partJlax which is a necessary consequence, 
and which would be regarded as an incontestable proof of the truth of this 
system. With the instrument of Molyneux were nmde the first observations 
wbbh led to the discovery of aberration. The following is his account of the 
discovery, given iu a letter to Halley :• • 

"Mr. Moljneux'B ■pparatas was completed And fitted for obaeiritig about (he end «f 
NoTember, 1?'J5, lod oo tbe 3d duj of December followiag the bright star iu the beul of 
Draco (marked y b; Barer) was for the first time obnerFcd as it poased near the zcoilb, an j 
it! aituftlion wmiftillj taken with the ioslramenL The like observations were oiade on tb« 
Sth, lltb, and I^tii dByn of the same month, and there appearing no materioi differenc« in 
the place of the sur, a further repetition of tbem at thib ueason scorned needloM, it liuug a 



18 fixed) <o prepare for observing tbe ilar on December i7, when, having adJQlted Ibe 
itrumenl as uaual, I perceived tbat it paaeed a little more soatherl/ this day than when it 
t> obsorreil before. Not suspecling anf other cause of this appeaiauue, we first concluded 

*A letter from the Bev. Mr. James Bradlej, Savillan Proressor of Astronomy at Oxford, 
nd F. R. S., to Dr. Edmood Halley, Aslronom. Beg., Ac, giving an accoont uf a new dis- 
covered motion of the Sxed stars.— i'lUJoferAicof TraMiaeliotu R, 9., No. 40^ DtcttiAtT, l~t& 
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thftt it wiu ovriug to tbo uacorlaiatj of tlin observation!!, and tbat cither tbis or llie forpgoiag 
nerD not so oxact oi wo hud befoio siipposod, for ntiich muiuii wo purposed 10 repeat Hm 
DbscTTUtion ^uId, in order to doliirmino fiom ivlieuco tbis diSbrcuca iii:oc«G<ted, aod apon 
doing it, on l^cember 20, I found that the Itar pa.te«l still more Hoiithetlj than on the former 
obuTvations. This seoaible alloralioa the laoro eurprUe)] ua, in that it was the contrarj tvaj' 
fioQi wliat it would have been bad it proceeilod from an auDual parallax of the eiar i but 
botog now prottj well Batialied that it coulii not bt putirely owiag to the want of cxoctneci 
in thn obserratioDa, and having no oolion of anything clao lliat conld causo Buch an appa- 
rent motion aa this in the star, vre began to think tlint ioai% cbango in the matofiHis, &c., of 
tbo iostiiinwQt itaolf might have oci»aioned it. Under these apprehensions iro remained 
some time, but being at length fully couviut^d. by several trials, of the K'^>at exactness of 
the in3ti ument, and finding, by tbo grudiial incieu^s of the star's distance IroDi the pole, tbat 
there most be some rognlor cause that produced it. n'o took caro to examine nicely, at tho 
Ume of each obserratiou, how much it naa, and about the beginning of March, f7iQ, the star 
was fonod to be twenty saconda mare southerly than at the limo of tho first obsorvation. It 
now seemed to have arrived at ita utmost limit soulbwoid, because, in several trials made 
about Ibis time, no aonaiblo diSarence was observed in its situation. By the middle of April 
it appeared to be returning back again towards tbi; nortb, and about Ihu beginning ofc June 
it passed at the same diataace from tbo zonith as it had dono in December, when it was first 
observed. 

"From tbo quick allerulioQ of this sior's declination about this time, (it increased a second 
in three days,) it wa3 coocludud that it would now proceed noitbwavd, as it before had gone 
sanlhward, of its present situation ; and it happened as was conjectured, for the stur con- 
tinued to move northward till September following, when it again became stationary, being 
tben oeur twenty seconds more uortharlr than in June, and uo tees than thirty-nine Becouda 
more norlheily tbnn it was iu Un:'uh. From September the star returned towards the seiuh, ' 
till it arrived, in Uecumber, to tlie same situation it was in at that limo twelve months, allow- 
ing for tbo diSeronco uf docUnation on account of the preccssiotl of the equinsx. 

"Thia was a snffioient proof that the iuatrument bad not I>een the cause of this apparent 
nuLon of the star, and to Qnd one adeqoale to an offdct seemed a difficulty. A mutatjon of 
ihp earth's axis wn one of the Srat tbiuga that oSercd itself upon liiis occasion, but it was 
soon found to be iusufScieut: for Ibougli it might have accouul<!il for the change of declina- 
lioo in Y Dnconis, yet it wonld not at tbesame time. agree with the pbeuomena in otber stars,, 
puticvUilj in a small one almoet opposite, in right iMcensloii, to y Draconis, at about the 
aoiiio distance from tbe north pole of the equator! lor though this star seemed to move the 
same way, ss a n^ntation of thn eorlb's axis would have niaua it, yet (it changing its decli- 
nation bnt about half as much as y Draconis in the beuuo lime, as appeared npon comparing 
tho observallona of both, made upon tUo Knmo days, at diScreat seasons of the year) tbia 
plainly proved that the apparent motion of tho stars was not occasioned bv a real mutatioo, 
tfince, ii^ that had boon tfae cause, the alteration in both stars would have been nearly equal. 

"Tbo great regularity of tho obsorvalions left no room to doubt but Chat there was some 
regular cause tbat produced this unexpected motion, which did not depend on the uncertainty 
or variety of the seasons of the year. Upon comparing; (he observations with each other, it 
was diacovn^ that in both tho before-mentioned stars the apparent difference of declination 
from tbo maxima was always nearly proportional to tbo versed sine* of the sun's distance 
from tho equinoctial points. This was an inducement to think that the cause, wbatover it 
was, had some rctatiou to the sun's sitnolion with respect to tbeee points. But not being 
aUe to ftame any faypolhesis, at that time, luffident to soira all the phenomena, and being 
ver; doaiions to search a little further into this matler, I be^n to think of erecting an instru- 
ment for myself at Wanslcd, tbat, having it always at hand, I might, with the more ease and 
crnainty, inTOire into t!io laws of this new motion. Tlie consideration, likewise, of being 
able, by anolbcr instrument, to confirm tho truth of tho oliservatiuns bilherto mode with Mr. 
Molynenx's was niAmall inducement to mo : but tho cljiuf cause of all was the opportunity 
I should thereby hare of trying in what manrier other stars were affected by tho same cause, 
whatever it was ; for Mr. Alolyneux's instrument being originally desij^ed for observing / 
I>Tac(>ni', (in order, aa I said before, to try nhclbcr it hod any sensible parallax,) was so 
contrived la to be capable of but little alteration iu its direction — not above seven or eight 
mhintea of a dcgne — and there being few stars within half tbat distance from the zenith of 
Kew bright enough to b« well observed, be could not. with his instrument, thoroughly ei< 
aoiine how this cause otTecled stars differently situated with reepect to the equinoctial and 
solstitial points of the ecliptic. 

"Those considerutians determined me; and by the eontrivanco and direction of tbe same 
ingenious person, Mr. Graham, my instrument wan ftied up August 19, 1737. As I bad no 
coDvenient ptace whore I conld moke n»e of so loug a lolescope aa Mr. Molyneus's, I con 
l«iued myself with one of but little more than half tbe length of his, (vis : of about 12^ feel, 

'The veraed sine of an arc A B of a circle is the distance comprised between tbe ox- 
tromily A of tbe arc and the foot of the perpendicular, let fall from the Wtnnitj B on Um 
isJius drawn lo tbe point A. 
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Brsdlfrj htm rat«fB into boom deuite os tb^ rF^u wUeli be vi 
•ibtavaiiotu <m USenat aUn. He tL«ti ^d^ : 

"When the jear ira coa^leled I be^aii li 
b»riag piMlr well Mtinfied mjaelf ms M Ute scDod law* d tht 
Torad t» fiul out the cson of them. I ww ' ' - • -< 
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trai an altrtslioa fai the diredwo ^ tbe planb-lne with wUek (be 
mctified : but Ihii. upon ttitl. jiroTed inmSrieBt. "" ' ' ' 




do : bnt here, also. iMtfaiiifr ■ai»lactoF7 o u^ui e J . At laat I anjniuied 
mella bltbirrlo mmtionBd protweded rrooi the pm^ieBiin BOboa of li^ht and tbeMAb^ai 
(DMiuu ID iu orbit, for 1 pem:i*Ml that, if li)^ wa* pcDpagaled in liae, the apparaM | 
of a fijiiJ object would not be the mow whoi the eye » at rcat af — "■— '' ' ' — " 



Bntdlejr exatnines then, in detail, tbe ^pueat positioiia which tbc sUn 
«LouId have front tbe i^ombiruttton of the velocity of the eMith with the niamy 
of tbu propagatioa of light through space, and be finds a periMt agrveaent 
between the resultii thus anived at and those furnished hy obseivation. Ttii^ 
change in poitition of the Btars which he bad etodied with anch care was there- 
fore cxpLiitied, and be van enabled aUo, from the magnitude of these chongo 
of pooitiou, f) dctcnnine tbe ratio of the velocity of liglit to the velocity of 
traiulation of tba earth. In making thin determination from the data given by 
liiB obseryatlona on the variona Bhirs be had ntndied, he arriTea at very con- 
cordant roHultn. whence be concludes that the greater asin of tbe ellipue of aber- 
ration, which in the name for all the eUra, has an amplitudi; of forty and a half 
Huconds. It fullowtt that tbe velocity of light in 10,188 tinier greater than the 
velocity of the earth, (the mean velocity being nndcnitood,) bo that tbe light 
onght to take eight minutea and thirteen ttecondH to come from the ann tou. 
Urndley, referring hero to the discovery of Koemer, eaya : 

"It U well known that Mr. Itoi'mRr. who Iitt,t uttemplcil (o acconnt Tut ut iippsreiit 
ItiutjuulilT In lliu tiniua urtbe ccUp^tca of Jupiwr'H luitellilca by the hypothesis of ibo proc*- 
iilvo motfoQ of l<i;ht, nuppoKctl thiit it apent about oteveii minutos of lime in its passo'^ tnm 
Ibo (QQ to w, but it hatn «iQ(ro beon concludsd by others, from Ibo like ecliptoi, that it ia 
pro(«gatod u far iu about xcvuti minutes. Tho vclocil; of iight, Iherafore, datlaced t\ — 
the foreKo'DJT bypotbeHis, Ih, ai it wori', a meiui betwixt nhnt liad at different tim«s b 



profiagatod u far iu about xcvuti minutes. Tho vclocil; of iigbt, Iherafore, datlaced fian 

■' ' oinjf hypotliews, Ih, ai it won', nmeiin bclwiit nhnt liad o' "■ ■' — *■ — 

id from the collpaos of Jupiter's iia(«llitcs." 

After the discovery of Bradley, the progrcHBive tr.ini'ini^ioa of light became 
ail incontcatnblu fact. Hero wo- do not consider merely tho pcrtnrbatioa affect- 
ing tbo position of a single star as 111 tho plionomcnoQ discovered by Ko€mer, 
a porturoation that we might, in truth, regard as really existing in tbe motioo 
of tho satellite, although wo might not be able to give the ultimate caiue. Bat 
In tho now phenomenon diBcovurcd by Bradley we observe all the stars snb- 
jecUid to a perturbation of the same nature, all following tho same laws, and 
not varying from each other, but by reason of tbeir different positions relativoly 
to tho Rcllptie. Tliis general pcrtitrhntioii, evidently owing to a single jgeneial 



ESSAY ON THE VELOCITY 0¥ LIGHT. 147 

" cansc, tiTCBpectirc of each individual star, ia explained most eati^txctoriljr by 
(be bypotUcsia of the progressive transmission of light, and tho reeolt is in per- 
fect accord with the deductions of Rofimer, from the observations of the eelipaes 
of Jupiter's satcthces. Such an agreement of circumstances does not allow of 
t)ie least doubt as to the truth of lto{!mcr's conception. 

Wo will remaA, in passing, that aberration, ivhich is a result due to the com- 
bination of the velocity of light witli the velocity of the earth, in its ananal 
movement around the sun, furnished at the 8a«o time a proof in favor of the 
system of Copernicus — a proof which had. np to that period, been vainly son^t 
in the annual parallax of the stars. « 

This phenomenon, discovered, studied, and so well explained by Bradlsy, 
had not remained entirely unknown before bis time. In fact, in the work of 
Picard, entitled Voyage d' Uraitibmcrg, speaking of tho different values whloh 
Tjcbo had found, for tbe height of the pole at his observatory of Uramiboa^. 
we read the following passage: • 

"Beudes that, there lb an obstacle in ibe way of the QSoof the polar Binr, (for detenniniDg 

tbe height of the polo.) which, from cue Beoaon to another, eipciicoceB certain variotio&B 
which Tfcho hod uDt reLnarked, aod which 1 otiserved nearly (en year* d^, which coniiMa 
in tfaki — tfaikt, altboofth the polar star approBcbee oootiniutlly tba pole' by abont twenty 
NBODds, it nuvortheleos happODsthat towards the month of April [he inferior meridiaah^ht 
of that >iar becomee lass, by aereral seconds, Ihon it appearud at tho preceding winter sol- 
■tice. iosteod of which it ihoulil have been greater by fivo seconds, and, consequently, in tbe 
moutha of Aufrnatand September its snperior meridian height is found to be nearly that which 
it was observed to hare in wintur, and Bonietimes even greater, nlttioogh it ooght to bare 
diminisbed from (od to fifteen aeconda; but, JiiuUly, loiearda ikt *ad of tha jfear all it com- 
ptmaattd, so that tbe polar star appears nearer to tbe polo by about twonty leconda than It 
was b^ore." 

There is no denying that wo have hero the annual change of position due to 
aberralJon. Ficanl adds, a little further on : 

" To tell tho truth, I have not as jet been able to imagine any cxplnnatloo that satisflcs 

Delombre, who cites these passages in his Hhioire de V Aatronmnie Moderne, 
t. ii, page CIC, accompanies them with the following reflection : 

" Wben Roemci, brought into Franco by Ficard, measared Ibe velocity of Ivht, he little 
imagine*!, notwithstaadinz the identity of tbe annual period, that bii discarerj bad ai^tbinf 
in common with those vanatious which bad lor bo long troubled Picanl, who, no donht, had 
ofien spoken of Ihcm." 

In the two phenomena, of which wo have successively spoken, tho progres- 
sive fiansmtssion of light does not play tbe same port. If the observations of 
the eclipses of Jupiter's Bat«llites unveiled to Ro€mer a periodic perturbation, 
agreeing with the successive augmentations and diminutions of tho distance of 
Jupiter from the earth, that is owing to the time the light employs to traverse 
the earth's orbit; the velocity of tbe earth has nothing to do with the ampli- 
tode of the phcoomenoa, wliich depends entirely on the dimensions of its orbit. 
In tbe pfaenomemia of ab^ration, on the contrary, it is the velocity of the earth 
whicti is principally concerned ; and it is of little consequence whether its orbit 
be small or large. If we transport ourselves in thouglit to the planet Han, 
which describes an orbit of larger dimensions than tbe f^irtb, hut which at the 
same time moves with a less velocity, we will aeo that tho two phenomena of 
whii:h wc speak will viiiy as to their magnitude in an inverse manner; the 
eclipse's of the first satellite of Jupiter will appear to eitperience a greater per- 
torbation, and the aberration of the stars will be less. The contrary will happen 
if wc place ourselves on the planet Venus, which has a greater velocity of 
tmnslatioD than the earth, and runs over a smaller orbit: tbe aberration of,the 

* On uccount of the proceeaion of tho eqoinoxts. ., . 
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«>*•!/ »li"'*/t, ti'/iit »(t«t M t/*jt aa kf/ptan^ice aiik^z tr«^ die ^mgnaare 
U*i-itUi"-'/tt '4 1 iri't' It 14 frrr ttf^f rfajf/ni that the fir*l faUel^U is ttitetti 
m H". UffK {H-H--I Vi f'lrn'.'h tUn iMlM ttit the d^tenn'iution (rf iIm T«J»citT of 
lr[;lii; !(•« Ki<-<"r vf J'.«.tjr of jutwjiim aod tbi: »iiuU dtpdi of tlie patnmbra 
M ilv; JNHOI trlfrt il f-rtmUMi It, moimi it to lc«e it« Iigtit mn« npidlj Haa ibe 
f/<)»<^ (HKllilPiij mIci rlMi«lnv;iit MilifRabwDccof eeceotrkitfin its orbit reodeis 
|U iii'/U'iii iwti- n-n'iliir, Mcl tliu* given more prominence to tbc in^aUrity due 
Ui i\if Uiiu: tlml lliR li;(lit tMki:* to trnvunwi tbc orbit of tlie c-irtli. Bat trc can 
lit;yr>r itif lv<: Ml Itiil « riiiif^h cjiproximation of the velocilj of light as deduced 
fi'tili tli'i ii\n-tvnl\'iu» uf llin cnlipNCd of tfain satellite as Bradley has shown in 
Itii- l.nl \inin^iny\i rlicil frwin hlM l«ter; eincc the results arrived at by this 
iri' nu*, lift llm tlmii i'in\i\i)ypil \iy tlio light to comc from the edu to the earth, 
>iri B'lt'itip Kt I'liiVdii minulnji. 



'I'liK iili'oi'iliii'im uf rklxTmlloii furnish fur more nrcciso data for the cletf 

«||.,iii./lliM v..|i.ritvr.r IIk ~ . .. . 

r.i.i miitll|ity m will u\mv 

Itiiiilli'y iidMiiiiili'H itint llin iirroi' In his d<ilcrminntion of eight misntcs and ibir- 



Hr "f HkIiL As all the stars are aEFcctcd by aberratio] 
will olioxi'vntloni • ■ ' ■ 



miitll|ity m will iilmiii'vntliin* which have a great degree of prcciaiou. 
lliiiiiliK itint tlin iirror In his determination of eight misntcs and ihir- 
lU I'lir llm llglil lit linvol from the suii to the earth cannot eiccod 

l')iil|>l'i,vliitf tlio nuiil I'Xiki-t lurmia of modem science Mr. W. Stmve, director 
(•r llin Coiihiil ItiioMiiiu Obnrrvniory. near St. Petersburg, made numcronsob- 
ni'iviiliiiua ilmliiK lliiw years (from April, 1640, to the end of 1842) to obtain 
(hi< I'Xitot vuhio of atiKrntlimi. In discusning thcao observations, he found ihat 
i\w half nl' tlio ^ivntor uxlit of aberration, which is the same for all stars, ha.i 
mi t(iii|iHltiili' i'l'yi>.4<i nwouds! whem-o it rceulta that tho velociiy of light is 
Hl,liMi llm-'t Br.'nt.'V thai) tlio moan velocity of the earth in its orbit. 

Till' iviiih oiinii.ivliij; ;iG,U days to run over its orbit, light Ukes I0,0S9t;m« 
Wh», »niuo1> ,i'J lUDiuiiv anil tl soi-oud*, to go over a line of the same lengiti; 
«nd ivj',.haIiiiiv lb»t I'ibit iiH iho cironmft'remH.* of a circle, we have boi to divide 
,>U itUttiiloi N niHviiih t>y tvriiH> the ratio of the circumferMice to the diaiMeier 
^^ \iU^.\ li> h:i\o i)ko liiuomupWiHl in tr^ver^ng ii# radium— Jhat bta say. llic 
(Uo^ttl iliil>4iiv>> vtf tko^uu iKiU) iIk' t-Arih. ^Ve thu find 3 BuiatM 15 aeeood; 
tti« umwUt * liivh w u.«w a>l<>i>liil by all a^lronomen. 

rito iibviv.»i,>u-. ,«f (h,> (vl;iv-o:<of Jnpi:er'* first sjtc"':e. aod tbos* «f th.- 
hh<>t(>4th'H.4 i'l" ,»t«.n.ui.'», h\»,l d;rvr;|y, ** we ha\T jttst *«a. althv)«^ wiii s 
^ii)<.<t><Ml ^lv■A'^v^'^' .*[>i>>Mv»iiu:iv»«, tvi th.' dctermi^tatiou of the liav b^i MCKpe 
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earth, TUe Bnn'a paridlax, c&loulated from the observatiooB of tho last transit 
of Venus orer the disk of the ean in 17C9, ia fixed at 8.57 acconda ; hence the 
distance of the sun from the cartti is equal to 24,109 times the radius of the 
earth, or to 153,500,000 kilometres (or to 95,384,900 miles.) As this len^h 
is mn over hy the light in 8 miautes 18 seconds or in 498 seconds, we couclude 
that the velocity of light is 308,000 kilometres (or 191,391 miles) in one second. 
However, for some years several circumstances have conspired to make us 
believe that the delenaiuation of 8.57 Bccoods given as the value of the snn's 
parallax ia too small, and that the parallax ought to be augmented by n quan- 
tity not less than the thirtieth of its value, which would elevate it to about 8.9 
seconds. From this increase in parallax resalts a dimiuutioa in the earth's dis- 
tance from tho Bun, and consequently in the distance gone over in 8 minutea 
18 seconds by the light; tho velocity of light will therefore be reduced to a little 
lees than 300,000 kilometres (or 136,430 milea) in a second. The next transit 
of Venus,* which will happen in 1874, cannot fail to set at rest all doubts which 
may yet remain on this point. 

. TUB VBU>CITy OF 

The velocity of light, discovered and determined by the labors of which we 
have just spoken, was entered as nn established fact among the truths of sci- 
ence. Further researches could at most only lead to a greater prccisiou in its 
determination, already approximated so closely by Bradley. Tho magnitude 
of that velocity, so great that in one second it rnns over more than seven and a 
half times the circumference of the earth, would cause ns to consid'T the 
dimensions of the earth as far too small to serve as a basis for an experimental 
dcIermiDation of its value ; the incomparably greater dimcni^ion of tlio earth's 
annual orbit was not more thau suQlcient to reveal to I^otSmer, from hia obser- 
^'ations of the eclipses of Jupiter's first satellite, that prodigious velocity, and 
Ti'c would uaturatly think that the measure of the velocity of light, which, 
from its nature, really belougs to the province of experimental physics, would 
never depart from the domain of a3troiA>my. Nevertheless, as we will soon 
sec, this recently did take place in the most brilliant manner. 

The first step in this direction was the most difficult to make, and it required 
nit the daring of genius to attempt it. We find it in au experiment projected 
by Ariigo, and communicated to the Academy of Sciences of Paris dudng its 
meeting on the 3d of December, 18U8. In the project it was not as yet pro- 
poacd to measure tho velocity of light, but simply to compare the velocities 
with which light moves in air, or in a liquid such as water, or bisulphide of 
carbon ; it waa proposed to find by experiment which of these two velocities 
Tvaa the greater, which would decide in an irrefutable manner between the two 
(iyatoms imagined by physicists to explaiu optical phcnomeua, viz : the system 

• The obacrvatioQ ot tlie transit of the plsDol Venus qctosb Iho disk of the ann ia hj fur ths 
most precise Dieaos that we can employ to dotormino the vulue of i)io pumitai of the sua, 

t UefoTO proceeding funher in the poruaal of tho cs^aj of hi. Dolaunav, it ia Qecejuary 

that all who have not givon capGci&l uttcutiou to tho »lady of rci^eut optical roscarcb, and 

who Oesire lo appieirlato the beauty oud importauco of the remainder of Ibis casay, should 

■ - ---d lehji ligl- -•---•' '--— -■ --- ■'-- - '- -' -'•'■ — - -"- '•-'— 



nndorsiaad uuty light should move losler iu water ttian ia air according li 
IbeoTfi uid gluwer in water tbau iu ait accordiog lo tho uudalalory theory. This ii not 
explained bj the author, and without this knowledKO it is impossible to upproeiato Iho 
Gieolleuccof tbcM classical pxpeiimcnta of Aru(;o, oft'ixcau. and of Foucault. 

We woqU advise the above class of resdorH to study Ibo rioiuts hero spokou of in the 
"X^eclarei on the Undulating Tlieory of Light." by Prol'easor liamard, Smitb^oniiui Itepoit 
for IHttt In the admirable "Traiie do Pliysiquo," by Uaguin, I'arli, IStiJ, and in rouilleC'i 
"Tralte de Physiiiue," will bo found douiiJcd accounts ot tha ap|iaiatu« meutlonod in tbia 
osay, illostrated with cagraviugs. The qri"inal mcnioim iu tho tmnauctious of ihnAcademj 
gf Sciences of Parts should also bu consailJd. — Tr. ^ 
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cf eiciaBion and that of vibriicion or undulation. We cannot do better Uub 
here allow Arago to speak for himself, 'f be foltowing ij wLat he eaye in the 
uotico printed iu the proceedings of the meeting:* 

" I propose to show ia thi.i coiDmuniciiMoii how it in jiOBxihTi; to dec'ido, tinoqo:Toca1tr< 
vtbelher IJglit bu com^ioscd oF littlo particles tmanating I'rom tadiuCing bodtea, an NeivtoD 
supposes, and as the Erealar part of uiodem seometerd sdmit ; or whether it is sinpty th« 
resmt of Uw undulationd of a very lare and very elastic mfulium which phyBidsta bare 
agreed to call ether. T)ie sjstcni of experiments which I am nboat to (Icscnbi: Mil! no 
longer permit, it aecou to me, to hcsitute between these two rival theorica. It will drcide 
noAcnaficaUy, <I use desi^edly thi>i eipresnion;) it will decide mathemalicmlly ouc of ihs 
graiidsst and most dabuled qiie^iionH of nutural philo«a|)hy. 

''Bosidos, uy communJca'iDQ ia tho fuLUlling of u sort of engugcment to the Acadt-'iny I 
acceplod at one of its lait secret nitlingi!. 

"i dlsciis^d the s'i.D.rubls method, by tho aid of wliii^h Mr. AVlieatatone ntlcmpfed the 
solntion of the prob'om of iba velocity of electricity ovlt lat'lut lie conductors. I bad hardly 
torminikted the enumcrutiaa of the important reaulta obtained by that Ingenious phjaiclil, 
when soveral of our lurmbcrs, whose uamos are aulhonly in such matters, slated that my 
report wrs f^ir too npprobativo. ' tn supposing it welt doE^TmiopO, the inferior limit assigned 
by Mr. Wheatstono to the vetocily of clcc'.ncit; will not have,' said one, 'ODy marked 
influence ou the pro<^i'cas of the sciences ; besides, limits of the same order, and crm more 
I'xtensiyo, can be dolnced indirectly from various electric or magpctic phenomena. As lo 
the method of the rerolTiup mirrors, it does not beem lo be au<tecptib!e or apnltcation. bat to 
theiimplc question* already studied by the inventor.' I tried to refute ihia tost opinion. I 
belisTed myself that thd new instrument, suitably modified, would lead to nnjaltB that Mr. 
WlwBtstonp was not aware of. I already foresaw that, even in sappoiing it enclowd in 
the narrow limits of a small room, it conld brtvu lo meusnro the coiopnrarive veloeiiieH of 
light movloj* tbrouch air and through a liriuid. I was not slow in learuhi^, und without 
liaving horoly iho ng^ht to be uhtoniHhed or to complain that my assertion hait been received ' 
with inereduhLj. nevertheless, I intend to vindicate it to-day m all its ports. 

"Principle of the method: Lot a ray of light fM upon a piano polished minor; it will 
be reflected, as ovary oqb knows, in forming with the surface of the mirror on anj^tc of 
reflection ciacily equal to the angle of incidence. 

"Lot us now suppose that tbo mirror turns through an arc a around (hu poiut of Its 
■or&ce from which the reSectioo lakes place: If this motion, for example, increases by iho 
qtuntity a, the original angU of incidcact, it will dimluish ns much iht original angle of 
rrJUctio*. Tlie latter will, iherefuro, afior the UispUcctnent of tho mirror, t« smaller than 
the first by Iho quantity ^a ; thus it must bo increased 2a to render it equal to da neio oub 
of i»cideiict ; ticncu that angle increased 2a will give the dirucUon of the leflccto] ray in the 
second position or the mirror ; and thus the incident ray remaining the same, an angular 
motion a of tho mirror occasions adoablt angular motion in the leflected ray. 

"This mode of reiisouing applies as well to tho ca?o where tlio motion of tjiti luirror, 
acUng in a contrary direction, would dini«iih tho first angle uf iucidcncc. TIic principle 
is, therefore, general : and it is also that of all reflecting nautical instnuneut^. 

"Tberefleciiou from the plane mirrors can servo lo project Ibe luminom rays iuoll parts of 
a^iaee, without, however, altering the relative positions ; two rays parallel Utforo rollcctioii 
will bo parallel after iheir toflortloti: those at first inclined tu each oilici' 1 minute, 10 
minutes, or 'iO minulcr!, &;<:., will term precisely Ok- eucue angle alV-r the i-e9ec(ion has 
deviated them. 

"luslead ol'a single ra}'. Ii't us eonsiiler two hori£>]ntal rays plotting out fium fim Mcifi- > 
toria; points xituate ia the same vertical. Admit that they strike ou two puinta of iba 
median line (alao veriivol) of a plane verticil mirror. Suppose that (his mirror revolves on 
itMlf uniformly and in a conliQUOUS manner around a vertical axis whoso protougaliun 
ctrfnddes with the mediuu lino ju>t mcatiuncd, the direction in which liio two horizuokal 
lines will be reHectcd will de^nJ evidently upon tlie moment Ihoy may reach the minor, 
since wo have enppascd tbu it turtu. If the oea royi bavo let out auniUiaitaiHdg Jron lit 
tvo tmttigKtut Taitialiag puinti, they will also roach simultaooonsly the miiror. Their 
refleotiou will take piacu at lhi< tame imlaat; cua^equontly in the aooio position of tiia 
tarBing snrlaeoi cou^<eqaa:ttly ui if that sarfoce was siutionury with reajtuct to them. 
Theieiore their primitive paiaUc!i.<<m tvitl not bu ehunged. 

'* In order that tiic rays which primitively were poiath^l may diverge after their reflecttuu, 
. 1 _ .1... ._, .,■ ..._.y s|,(,[|](| iitriya at |i„ rairrur later tliati the o;hor. '- 



. _ „ iu its conrsc fro^ the radiating paint lo thu relleclu^ and turuiug suri'iKe, 

tho velocity of thf ray should h ^ oecoloraud, or what will be precisely ilie some thing, it is 
necessary (the velocity of tlic lirst ray remaining constant) iliat that of ibe second should 
experience a diminution. It is neociisur;, finally, that the two ru^s should bo relleetud uno 
after|the other! aad, conscquen:!?, from two distinct positions of the mirror, fornuug nijJt 
eaoh other a seasiblu angle. 



* Coaiptes Ilcndii; ■!<),( So:incCK <b i'AcudC'mio des Sciences, t. vii, f^i 
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"AocotAb^ to Iho theory of emission, light jnuve^ m water aotablf fMter than !u air. 

'"rding to tbo v-ave theory, it is precisoly Ibo omHuito which takes place: the lishf 

19 foater in air Iban in ivnter. Supno.w th.'it ono of^tLe ray^ (the upper rar, for example' 



According to tbo v-ave theory, it is precisoTy Ibo omHuito which takes place: the light 

!■_ ._, -_ ^jj. [jj^jj jij ivator. Suppose th.'it onooftbe raya (the upper ray, for eiample) 

a tabe filled nith water Wore it xltikes the mirror. If the theory of emission 



bo true, the upper ray tvilt lie accelerated in its progreai; it will reach Iho mirror Grn I ; il 
will bo reflectod haforu tbo lower ray ; it will make with it u certain angic. and the dircclioti 
of the derialion will he aucU that the lower ray will appear in advance of Iho other, that it 
will appear to have b<!cn derjatcd uiorv by the turning luirrar. 

" Circunistancei renioiniug the same, tcl us admit fur a moment the truth of the wave 
aystam. The tubo of water will n-lard tho progress o( Ilia "Pper ray; the ray will arrive at 
tba rellectiDg mirror after (he lower ray ; it will be reSocled not the first, an in the former 
eaae, but Ihe second in order, and from a position of tbo polished reflecting face in sdvaDoe 
of the position it had when it roUectod the nppor ray a moment before ; these Iwo rays wilt 
make with oocb ollior Iho same angle as in the other hypolhesia, exe<>pt (and we shonld welt 



"Toracapiiulato: two radiating points, placed near each other oD the same verticil li 

.1. ! ,_ ■ ^ ^ .- n.t ^ ^^^^ theupp ■ " " ■ 

ct: the rays fi 



inatuntanoously before a revolving mirror. The rays from the upper point cannot reach 

.! — 1-1 _r. _ ifaygfgjn^ J tyg^ (i|](,|] ^iti, wftipri iiie j^y, j'rom the Rccond point 

ithoul meeting in tbcir course any other medium Iban the air. To be 



contrary, if iigbt resafls from tlio vibratious of an ethereal mcdi _ .. 

"Instead ol two isolated radialing points, suppose that we instantaneoualy present to the 
n^iTor a vertiuil lunrinous lino. The image of the upper part of this line will tie formed by 
rays which have traversed the water ; the image of the lower p.irt will resnlt -from the rays 
which have throughout thoir wholo course traversed the air. In tbe revolving mirror the 
inago of tbe singio line mill apptar brokea; it will be composed of Mo vorljejtj Inminons 
linca, of two lines, which will nut be prolongations of ouch other. 

"The upper recliliuoar image, is it behind the one below! Docs it appear In its left* 

" Light il a bodf. 

" Uocs tbe contrary take place T The upjKT image, docs it iihow itself In tliu right! 

" Light it an nndiilatiim. 

" All that prccedna ia thoorolically, or rather speciila lively c.^acl. Now, (and here is tbe 
delicate point, ) it iBmains to prove that, notwithstanding ihe prodi^ons velocity of light, 
tbul nolwitbsianUing a velocity of 190,000 miles a second, that notwithstanding tbe small 
length that wo will bo obliged to give to tbe lube filled with liquid, that notwithstanding the 
limiLcd velocities of rotation that Ibo mirrois will have, Iho com|iurativo deviations of the 
two images, towards the right or towards tho lol>, of which I havo demonstrated the exist' 
tMco, wili be perceptible in our tnstrnments." 

Arago then enters into tl)c roost mtnutc details of all the parta of the expcri- 
niL'Dt : the velocity of rotation tlut can be given to & mirror, tlie vitiibility of 
the imago formed by light after having tnirersed the necessary length of liquid, 
tho posaibility of reducing; that length of liquid, or the velocity of rotation of 
the mirror by employing Mtraultaneously several rotating mirrora from which 
th« light would be siiccoi'sivcly reflected, and also in aubBtituting for water 
bianlphide of carbon, which acta more powerfully on the velocity of the light, 
arc, on his part, the objects of a thorough examination. lie thi'ii Iirminntes 
(bus: 

" Suppose in tbe ciperimei:! that I propose to execute we nialko use of electric Kparks, or 
of lights successively screened aitd unscreened by tbsuseof rotating disks, as tbeircmis- 
aioos should only but during n few thousandths of ii i<econd, it may happen that an observer, 
looking in tbe nrirTor from a given dir^ntion, und with a telescope of limited field, will oaly 
by chuico perctnvo the light. I'o this I immediately n'ply that in riuiewing very often the 
apparitions of light — evoTy second, for ciainplc — that if, instead of a single niirnir, wo rotate 
a vurtical prism of eight or of Ion facets, that with the concorrcnc3 of Bsve.nl observers, 
placed in iliSoront directions, and each with his telescope, wu cannot f;iil to Xavi: nnulcrons 
and cleur apparitions of the reSocteil rays. Itnt Ihcso are dptujls un which I shall not dwoll 
to-day. I wili reserve for another commnnicttlon the csposiliun of tho systemof oipeti- 
meota in which we will render aensible, und in which we will niea.'urc, lo a certain degree, 
the aiMolale rttotUj of light without baving recourse tu celestial pbcuuinona." 

After tho publication of this remarkable tiolice we c^uld not douht tho sue- 
caaa of die experiment it detailed. Out, not tu interrupt tho chrouological order, 
we should ape.ik first of an entirely different esperimont, by which the direct 
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measure of the velocity of light was first accomplished on the sorfiace of the 
earth. 

MBASURB OP THE VtvLOCITV OF LIGHT, BY M. PIZEAU. 

If we refer to tbe first pages of tliis essay we will there see indicated a. very 
simple means that was first mentioned as saitable for the determination of the 
velocity of light, a method which would certainly have long ogo furnished the 
value of that velocity if the transmission of light in space was not effected 
with such amazing velocity. It is this method, barely modified, that &I. Fizean 
has pat into practice, and which ho has rendered completely successful by 
emptoyiag a process as simple as ingenious for measuring the excessively efaort 
time that the light takes in running over a distance of several kilometres, or a 
few miles. 

We have st^posed that two lamps, A and B, were placed at a distance of 
several kilometres &om each other, and that we shut off suddenly the light of 
A by means of a scrccq, then the very instant that the disappearance of tbe 
light of tbe lamp A was perceived at B, we screened B likewise, the interval 
of time which elapsed between the instant that the lamp A was screened and 
that when the disappearance of the light of lamp 13 was perceived at A is 
evidently the timo employed by the light to run over twice the diilance which 
separates tho lumps. M. Fizeau replaced the lamp B by a mirror destined to 
receive and to rcllcct perpendicularly to its surface tbe light of the other lamp. 
In this manner the observer stationed near the lamp A, and looking at thf 
mirror just spoken of, ought to see the image of the lamp A ; if this lamp is 
suddenly scrcenud ho should see its image disappear in tbe mirror, not imme- 
diately, but after a certain interval of time— that which the light takes to run 
over double tho distance of the lamp from the mirror. 

To measure tho interval of time spoken of M. Fizcaa made use of a disk 
toothed at its circumference like a cog-wheel, so that this disk presented on its 
periphery a succession of equal intervals alternately open and closed. If we 
rapidly turn such a disk in its plane and around its centre, the closed and 
open spaces formed by the cogs and tho intervening openings will pass suc- 
cessively before the same point in space, and the timo employed by each tooth 
or by each opening to come to the place previously occupied by a tooth or by 
an opening can easily be reduced to a very small fraction of a second. In 
placing the apparatus so that the teeth of the turning diek pass in succession 
before the light of the tamp near, the observer, these teeth will act like screens 
which periodically intercept the light. If the time employed by each opening 
to come to the place occupied by the uest preceding cog or tooth is precisely 
that required by the light to go from the lamp to the mirror and from the mir- 
ror back again to the lamp, the observer, stationed quite near to this lamp and 
lookiog through tho opeoiugs of the turning di^k as they pas' before his eye' 
ought to SCO through each opcuing the extinction of light caused hy the 
passage of the preceding tooth before tho lamp. This eclipse of the lamp, 
produced during the whole time of the passage of the tooth before its light, is 
perceived by the observer during ths whole tune of the transit of the following 
opening ; nod as the light of the lamp when it passes through an opening of 
the disk, after its reflection from the mirror, meets the tooth which is now in 
the place of this opening, it follows that the observer docs not perceive at all 
the imi^c of the lamp in the mirror during all the time that tho disk revolves 
with the special velocity with which wo have supposed it endowed. 

After what baa just been said it is easily understood what will happen wheiii 
the apparatus adjusted, we commence by giving to the disk a gradually ia- 
creasing velocity of rotation. Tbe disk fir^t turning with an extreme slowness, ' 
the observer, who boa his eye quite near the side of the lamp and who looks 
in the direction of the mirror, sees the teeth ond the openings of the disk sac. 
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ceasivelj pass b^foiv; him; whon oa opening pasaeB, the light of the lamp 
paeaes throogh, falls od the mirror, and comes back to the eye in passing 
through the same opening which has hu^ly been displaced daring its possBge ; 
sogn a tooth presents itself, the light of the lamp is intercepted, and the eve 
seei nothing more ; a netr opening follows the tooth, and the eye receives the 
light reflected from the mirror, and so on continuously ; the eye, therefore, re- 
ceives the light in an interrnpted manner, with a series of extinctions caused 
by the passage of the teeth of the disk. If we increase the Telocity of rota- 
tion of the disk these successive apparitions of the light are brought nearer 
and nearer to each other, and as tho impression caused by the light on the 
retina lasts some time, abonC the tenth of a second, after the light has ceased 
to penetrate the eye, when the velocity of the disk is so great that each tooth 
takes le^s than one-tenth of a second to pass before the eye, the sensation pro- 
duced by the light which has passed an opening has not ^et vanuhed wnen 
the fidlowing opening arrives and renews it ; therefore there is no iatermption 
iu the sensation, and the eye sees the light of the lamp reflected from the mir- 
Tor without any intermission ; only the intensity of that permanent light which 
it perceives ia notably weaker than it would be if the teeth of the disk did not 
pass before the tamp, since the half of the light which it emits in the dircctiou 
of the mirror ia intercepted by the teeth which pass sncccssively before it. 
When tbia continuity in the light is obt^ned by a sufficient velocity of, the 
diek, we are yet far from the particnlar condition indicated abore as giving the 
experiment which can serve to determine the velocity of light j the light which 
posses from the lamp through an opening of the diak can be reflected from the 
mirror almost without loss, and return to strike the eye after having passed the 
same opening; the last portion of this light, that which is emitted when the 
following tooth is on the point of passing before the eye, can alone be inter- 
cepted by this tooth when they return from the miiTor to the eye. If wo still 
coDtinae gradually to increase the velocity of the disk, these laat portions of 
the total light emitted through an opening which are intercepted in their return 
by the following tooth, increase little by little in importance relatively to that 
total quantity of light, and in conseq^ucnce tlie intensity of the^ light received 
by the eye gradually decreasea. Finally, when the velocity of the disk has 
so increased that the time employed by its circumference to progreaa a distance 
equal to the breadth of an opening or of a tooth equals the time the light 
employs to go from the lamp to the mirror and back again to the lamp, the eye 
perceives nothing at all. The light sent by the lamp in the direction of the 
mirror is completely intercepted by the teeth of the disk, as follows : half by 
the anterior focca of these teeth oa they pass before the lamp, and the other 
half by the posterior faces of these same teeth after the light, having traversed 
the openings, is, reflected hack by the mirror. If wc increase yet more the 
velocity of rotation of the diak, each tooth passes too rapidly to intercept the 
whole of the returning light which paaaed through the preceding opening and 
was sent back hy the mirror ; a portion of that light can therefore paas through 
the opening which follows that tooth and strike the eye, which begins again 
to perceive feebly the image of the lamp in the mirror. The velocity of the 
disk still lucrcaaing, the intensity of the image increases aUo until the disk 
tarns twice as rapidly as it did thcAioment the eye perceived no light. Now, 
in fact, all the light which has passed through an opening meets on its return 
fiom the mirror the following opening which has taken the position of the first, 
and it can enter the eye without the disk intercepting the smalleat portion. It 
is eaay to see that, by still adding to the velocity of the diak, the image of the 
lamp, seen by reflection in the mirror, again commenci:s to become faint, again 
to be totally eclipaed, to reappear again, and so on as for as it is possible to 
giT« increased velocities to tne disk. If wo observe with care the instant when 
the first of these successive eclipses is completely produced, and if wa then 
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mouDre the Telocity of rotation of the disk, we c&n easily calcniatc the time 
rcqiljred by a tooth to take the Bomo position as was just befora occupied by 
the next preceding opening ; and, as this time is precisely that employed by 
the light to mn over twice the distance of tho mirror from the lamp, it is easy 
thencd to dednce the valne of the velocity of tight. 9ach is, in principle, the 
mode of Arrangement of the apparatus of U. Fizean. We will now give sujch 
an account of the details as will convey a clear idea of this apparatus. 

In the ezptanation which precedes, we have napposed that ihe cyo of the 
observer is placed very near tbe lamp and looks in the direction in which the 
lamp sends its light to the mirror, so that the incident ray, setting out from the 
lamp, and the roflecled ray, coming back from the mirror, to strike the eye, follow 
one and the same path. Such conditions seem very difficult to obtain ; but all 
difficulty disappears by using a transparent glass plate, which, being inclined 
45 degrees on the direction of the luminoae rays, reflects to a right angle a 
part of these rays from its surface, whilst tho ramaining portion tntvertjcs it 
without change of direction. Such a glass plate being j^aced before the eye, 
with an inclination of 45 degrees on the line drawn from the eye to tbe mirror, 
the lamp can be placed laterally, so as to send its light on the glass perpen- 
dicularly to that line; the glass reflects towards the mirror a portion of the 
light it ihue receives tivm the lamp ; that light, af^er being reflected, retoms 
to the glass plate, port of which passes through it to reach the eye. 

Kays of light which emanate from a luminous source diverge to all points 
around their place of origin ; it follows that the further a given surface is from 
the source of light, the less it must receive. If we therefore do not adopt some 
particular means in the eiperimeut we are engaged in, the mirroi', placed at 
several kilometres from the lamp, will recdve only an insignificant quantity of 
light ; moreover, only a very small part of that light will come back to strike 
OQ the nyc, so that we would really perceive nothing. In order that the light 
may not thus be lost in surrounding space by the divergence of its rnys, we 
employ converging lenses placed one near the source of light and the other 
near the mirror. These lenses are so disposed that the rays' radiating from 
tbe lamp, after having traversed tbe first lene, become parallel and form a 
beam which falls without loss upon the second lens ; after having passed 
through tbe second lens and converged towards its focus, where is placed the 
mirror, they are reflected, come bock to the lens, which renders them anew 
parallel for their return to the point of departure; then they pass thfough the 
first lens, which causes them again to converge, and finally they are viewed 
by the eye aided with an ocular. In fact, the two converging lenses of whioh 
we speak are objectives of two telescopes placed at the two extremities of tbe 
distance over which the light travels, and directed towards each other so that 
the imago formed by tho objective of the one is seen at the focus of the other. 
It 13 in the interior of the first telescope, between tbe focus and the occular, 
that is placed the transparent glass plate inclined 45 decrees, of which we 
spoke above, to receive and to reflect along the axis of the teleacopc the light 
of a lamp placed on the side. As to the mirror which sends boclc the light 
to its point of departure, we place it exactly at the focus of the second telft- 

ipe. M. Fizeau, in his notice read before the Academy of Sciences, (meeting 

July 23, 1849.) says: i 

"This armngcaicnt sacceeds very irell, even when Iho ttlfecojx'a uro eepnrnled by con- 
AideTBbls diBlnnces. With tele«copeB of 6 ceDliinetres (aj^ '"c''™) apoiture, tho dislapcocan 
be 8 kilometres (Dearly 6 miles) wilbout thg iicht becomiti); too leehJe. We thua coe a 
iununcut point iiko a Btai, and farmed by the light, which, setting oat from ihii poiol, h>a 
traversed a distance of Jo kilomntrcB, (ncarl/ lu miloa, ) Ihou reiuniod and paawnl exactly 
throngh tbe same point to reach Ibc p;fo. 

"It is exactly at this point Ibat the teclh of the revolving diik miiet juim to prodnra tha 
effects spoken of. The uxportment succeeds very well, and we observe that, accoiding to the 
greater or lest velocity of rotation, the lumiootu poiut shines brilliantly or in tutoll; eclipsed. 
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In the circumitanccB m which the eiperimnit wm ii3*de, the fiist eclipse was produced in 
sboiil latlce tuTBi aad lix-ltntlii ef a tunt in od« cecond. With double Ibo velocity the ttar 
shiuoH ogain; with a triple vetocitj a BecoDiI pclipae takes place: for a qtuidrupie velovitj' 
tfao poiuC ihinoe again, and ao on. 

" rbc first leleBcope irru placed on the terrace of a houra Ht Suresnea, near Paris ; tlta 
second on the heights of Monlniartre, at an approximate distance of 6,63^ inetics, (28,516 
fo^ or 5.%4& miles.) 

"Tbe^lisk, carrjing 780 leeth, wa« nltached to wheel-w 
Btraeted by M. Froment ; » register gave the number of rnv 
froiD a Unp to disposed as to give a very bright bcaio." 

M. Fizeau, by repeating several times his cxpeiiment, found for the velocity 
of light a value which d^ercd but little from that previously deduced from 
astronomical phenomena; the mean of twenty -eight obecrvatiosB gave him a 
velocity of 70,948 leagues of 25 to the degree, or of about 315,000 kilometres 
(195,741 miles) in one sceoud of time. 

The publication of this magnificcut experiment was an event >ti science. 
The project developed hy Arago before the Academy, iu 1838, had shown the 
poaeibility of rendering appreciable the progressive transmiesion of light in 
space, and demonstrated that it would have to nin over but a very short dia- 
'aqco on the garth's eurface to determine thus its velocity. The experiment 
of H. Fizeau, formed on an entirely different plan, realized for the lirst time 
BO daring on idea, and furnished at the same time a determination of the ve- 
locity of light, whose agreement with that whicb astronomers had arrived at 
from sidereal observations was as satisfactory as one could desire for a first 
attempt of the kind.* 



For nearly eleven years the propoded experiment of Arago had remained as 
on ingeuioua suggestion when tnc labors of M. Fineau awakened the iuterest 
of the learned world in problems of this nature. Some months later (meeting 
of April 29, 1850) Arago again requested for it the attention of the Academy. 
After having referred to the object of the notice printed in tlie Comic Rendu, 
of the meeting of December 3. 183S. he added : 

"That eomiDunicatioii wtablbhcd lliat, accordiug lo iciidily udutittiil %polht:»3 u to 
the angular duviationa euecepiible of being ub&cnea in an ordinary telcji'ope, it would nM ' 
be iDiptnsiblo to determine tin comparative velocity of lig;bt in bi.->itlphidu ot carbon and in 
Mr, without having recourse to an extieoie length of lube, or to a mirror, making more than 
l.liUD tuma in a secoDd. But the minor which il. 'Whcal^tonu iiMd made only HUO tQim in 
the tame interval of lime. 

" It was evident that in Ibis method of observation, and for u given angular deviation, the 
length of Inbc coDtsining the liijuid ought to be so much ibc auorler, as the movement of 
rotation of the mirror is more rnpid. Ttiis is the rnasou I prii|KiBO to add to ttus deviating 
motion of T-otition, frhich canuot surpass cortain limits, n ci.:iibinBlion of several revolving 

"The iworaj-H (one having tnircracd the liquid, the other tbo uir) ntiike the first mirror, 
and lonn a cerutiii angle ; tbis uuglo is doubled when the rays full tipon a second miiror 
taming in the same direction with iLo same velocity-, the angle '\s tripled if these mvs are 
teficcl^ from a third rovDlviii)r mirror, and so on. We Con thus, by (be multiplication of 
tbe rovvlviDg mirrois, arrive at tiie same result given by a single mirror turning with a 
donblo, triple, d;c., velocity uf that which it is possible to obtain with the cerlainty of nut 
dealroying the teutii of tbe tvheel, or of overheating ihc aua. 

"My Iriond, M. Ilr^guct, jr.. undertook to accn tipliah this end b; iiieitns t<f n mechanism, 
in whieb the c^immunication of motion was given by whecl-worli. IIo executed a special 
aiTBOgonicnt of cog-wheels, the invention of which is duo lo Whitu. At one of the lormer 
jndaaii'iiil exhlbitious could be soon the system of tbcsu luovcuicuta. 

* Jt was for Ibis eiperiment of Suresnes (bat (he Institute of France ntvardcd (o M. Fiseau, 
at iis ainniiat meeting uf IB% (be tnenuial prixe of thirty (lioiisund francs, founded by tbe 
Kmperor lor tkt woA or the ditcvnry vbicA, iu lit opinioii of Ike /tc acadtmks of tht IMtli- 
tate, kat done utoil koaor md scrrite to tht couBlrji. , iOOqIC 
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■^ . ivi^. -*vh J l)J till" miiTur altactpd lo iLe ihird piwr; of wheel-woik. 

^ .-'<■ vku ^ bv nkulii'iil wiib iboK nhich thouid -be (c^vea tnr a rcTDltiug 

.<; VV . *• >■< Hvonil. Froai this moaieiu (iw «a(xv&i ef the projected 

K k.-" >>v>>i ilvubt- It wu onlj lo Le nj^tued (bat, bj the three *im- 

i,u^ \.-. i w <I dv rnt minoiit. the li;;Ll aefei-aiiiv ripencuced a conudera- 

i.a~. ^ .. a^v ti- ~r. am. iJciirablc lo uriTc Bl the mall b; It Single rcflrcuoni 

> .iMt. H ii, ■.LMimi' wbich I am goiBg ut leloM Be«D to had. 

, ^^^v*. ii-» ti« cauAoi which pr«veij:ed lu ravoiiing a mirroi hkrv than 

V. «\vii U. B»in«' propwtoil W lel.ct-e ib- lui oiia of ibo nrigbt of the 

. > ' . av viuswl, to luin ibi: unii uloD-i aiii lie SQCtiecdu], col niiboul 

- . < - V it -< ■<." f.vW lums per wcoad. The uls^lacle vhitii prev^aled tu 

fc.% *\ V «i«« il nuTit^ the imrror, a velodij pvater Ihaa I.IMJ luma per 

, _,^^ ll iTM, DUO would think, the icd^sraace of the air. I mywlf 

\_,.^^ ,^' thai MUai-, and all oar Ihaa^b a were diiecled to the means of 

•' ■. jatMk'UHiu- We immediatelr coiumicled a mcullic receiver deBtined 

.> 'i: *!'■''* *"•*• Tills receiver had seTcral upetinres, of which one waa lo 

"V .J~. rji vit S*hl atler huring traverBed ihe iwo colnnina of air aod of liquid. 

*' V •%■?»■ ;-> k* tb' objoclivia of the leleeCDpes. with which to obserre the 

r. N -wiuiw uifnui, iha neceajAy comiuuDications were fstablisbed by 

^' ,,j^^^ )wiwi*<u the apporaius and tbe driving weight. A special tube put 

'i «««w ju eomumnicB^ion wiib an Bir-pump. 

,^. ,_,i p^at^J uuon o none columu in the mrridiaa taom at tbe obserra- 

■ ■ '?^ ^n»k« tli« ob.*rvinio.i. The 

,' ,, . ^ ,.^r atiili'ipatjoiu, tarneJ bardlj auj factor in the Tacuum than in 
' .^ 's>»»T «ira'U «liowL-l the truth of the proTeib, "Le miem eat I'enneini 
' ""■. (.» iwrny "f g'>oii cQOUgb.) Il was neccisaiy lo think of return- 
^" .^fciu rMiupwod of three pieces of whceUlroik and of three separate 
^ "^ »hn-li 1 hud given up oaty to obtain a greater iQIcnsilj in tbe 
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it)- of going buck lo ihe first method of etpcriment at the 
'bt would not ullow mo lo nndertake it. Uy pretensions, there, 
having proposed tbe pniblem, and of having given the certun 
. ' ^ 1'Ih<w melius inayi during its- accomplishment, ciporience niodifica- 

' " • ^ ^.^.. ,[^^ BlUhliesblc, with more or less lacilily, wilhont changing thtiir 

A I*. "'Iiicli it i» uBcluse to give bere, Arago odds : 

I ^T« drilayod a tutlg time the ivalli^ation of tbal which I bod anDotuic«il 
.■ ■ ■•*■ In,— part 10 liio obligations which M. Bte^uel, my collaborolot, had 

■k. ■ -• ^'^ '* •^,»,*iuaeiit for the supply of electric taiegraphs, and lo the desire that I 
, -. * * ' ■ "j ^,, aWajy siiid, with a mirror making B.OUO tuma per second. 

, ., »' 1 1 iB«v iviiiitin content with the Ihougbt Ihai no one ivill ciiccute, iviih- 

• . - ' . * "" : lUiVipifimDnt founded on |>rincipli-j anJ yieihotls of ciecuiion which 

-' • \ , ,^^j In their most iniuute details. 

,-<"'■ "■' _ ,. uubliculion in tbu Compit Hindu, announced to mo that Lo bod 

y ^<*-. »■ ' ";• •^f jjiy appuraina composed of ibn^o successive pieces of ubeel- 

., , . ."* . ^imw. Ho leceivcs tho iiu(^ jcflectcd by the first rotaiioc minor 

, .,, •■! -■■ "" **^vine mirrori l*"' "P"" " ^^''^ ""'"or, wbicb sends (bemy back to 

__, .,.,u ■ -»v«.^^ * liu second reflection, the nys fHli ngaiu upon a fised mirror, from 

„,.•.- » ^T.) , ibjid tinia lo the taming mirror, &c. It is after the last rettection 

' ■ V " '^"'''^■^- minor thai M. Besscl proposes to moasuio ihe angular departure 

'1. -•> •-'■'■ ■"'"'iS niore simple Ihan the one I proposed, iu so far as ll requuod onlj 

""■j^ ,y . ' "■ '"''T^^ ihe very grave inconvcuii'ncc of diniiniahiog much moro the 

,^^. ,^ •'^.^■'''' „jrt:tiou* from tbe mirrors than iu the othsr method, • • . 

"' ' ,jn.^ >* *■* *h^l know'^iB^ "^ ''"' l'"""^ communication of tl. IJesscI, made me 

*V V S-i^'*>*;'^oiiboillu3lriouaobiicrvfrof Koenigsberg. 

' "'■"' • * . , , ,. wbcn M. Fiienn determined by his so ingenious eiperinieut 

.^t^ -wR-r ■''■ •-■* * Jmosphere. Thcl cxpcrimeut was not indicated in my memoir. 
,„' - -**' ■*; 1 ,Lh iiirht lo mako it without ciposing himself to tbu slightwi 
• \...^V>*;«^'';i^iderSionoflbciigbtsoro.bers 

• ,.«**» ■^ '^"^ ron the compaialive velocity ol Iigbt m a liquid and m oir, the 
-•■"■ . *i ^Vf**"* , 1-- not utt aade anj atltmot in that direetio*, aad I leilt not 
""..*« ** '^'Ll ml Koar finaai invUatiM. 'Ibis loyal reserve could only add to 
-"'" «m' "* "i .1- cbMacw »nd the works of M. Fiienu bad inspired me, and 1 
- " T^-^'^t W^o lend him one or several of my rotating mirrora. 

■ -", .j.**--*^. ■ ^^utive genius is well known to the Academy, came alxo t.. 

■ ' ■ ^•«* **^ ■". " " -.%mit to the test of experiment a modllication which b« 

^-A It-'*' r- I 

^•■. *.-•.'■ DigitzedbyLiOO^Ie 
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" I can oalj, id the present coDdition of mj sigbt, accvmpanj with in; good wislies tlw 
oipnrimMterB wbo desire Ut foUovr mr ideas, and (o odd a new proof in favor of the war* 
97:it-in to thkt irbich 1 have dednced from a pfasnomenon of interlerenco too iTell known la 
ph/aiciBts to need recaUing hero.'' ■ 

The commnnicationof Arago, of which we have here given the principal parts, 
was hardly printed in tho (.-omple Rendu, of the meeting of April 39, 1850, 
when the Academy received, at the following meeting, (May G,) two important 
communications on this subject, one of M. Foucault, the other of MM. Fizenu 
and Br^gaet. M. Foucault announced that he had realized with entire success 
the beautiful experiment projected by Arago ;* he made known at the same 
lime the modifications ho had given to tho mode of arrangement indicated by 
the illustriooa perpetual secretary of the Academy, a modification which baa 
allowed him to arrive at this important rt'suli, which gave entire evidence of 
the truth of the theory of undulation as opposed to that of emission. MM. 
Fizuau and Breguet had not progiesaed so far ; they announced to the Academy 
that their apparatus was adjusted apd ready to work, and also showed in what 
this apparatus differed from the original arrangement of Arago. Finally, a 
few weeks later, June 17, they returned to announce to tho Academy that 
they likewise on their part had madu this remarkable experiment ; the result, 
agreeing with that of M. Foucault, was in favor of the theory of undulation. 

Two important modifications had been made by M. Foucault in the arrange- 
ment of- Axago's apparatus. The first of these changes had for its object to 
render the realization of the experiment incomparably easier. It is remem- 
bered that, in tho experiment of Arago, the light had to set out, so to say, 
inetantaneoualy from two luminous points, or rather from a luminous line 
ehining only during an excessively short time ; that one beam of that light, 
after having travelled in the air, and the other beam in a liquid, were to fall 
upoD a mirror endowed wilh an excessively rapid movement of rotation ; that, 
finally, after being reflected from this turning mirror, they shonld arrive at the 
'.'yo of the observer, furnished for that purpose with a good telescope. The 
direction of tho ray could very easily be determined in advance, since it was 
that of a line going from the source of light to the mirror; but it is not the 
same with the direction of tho reflected raya which depend essentially upon 
rhe position occupied by the mirror at the instant the reflection takes place, and 
as Ihe motion of the mirror and tJic reflection uf the luminous rays from its 
surface arc independent of each other, it is only by chance ihat the mirror 
would be found in such and such a position ; the observer, therefore, cannot 
know in what direction he shonld placo bia telescope in order to receive the 
luminous rays after their reflection. To obviate that difficulty Arago supposed 
that the observer, being stationed anywhere in the space the reflected rays 
could reach, and having directed hia telescope towards the revolving mirror, 
would eacccssively repeat a great number of timca the inatantaneoas emission 
of lig:b^ towards the rotating mirror, so that the rays from each of these emis- 
sions being reflected from tho mirror when in different positions, there necessa- 
rily would be some which would fall upon the objective of the telescope and 
tbua reach the eye of the observer. It was therefore a furtive phenomenon 
which tlic revolving mirror projected at each instant into the surrounding 
space, sometimes in one direction, sometimes in another, and which by chance, 
tram time to time, would strike the telescope of the observer. It was to mul- 
tiply tho chances of observation of this fugitive phenomenon that Arago, at 
the end of his communication of 183!j, spoke of substituting for the single 
mirror a vertical prism of eight or ten facets, and to employ at the aamo time 
several observers placed in diflereut positionB, and each provided with a 
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telescope. loBtead of tlut, M. Fottcaolt modified tbe imtniinait so that the 
refiect^ ntya which shonld reach the e^e of the observer quitted tke rev«lviaf 
mirror in odo direction, detennined beforehand, eo that the observer eonid sta- 
tion himself BO as to receive conreniently all the refiected rays withont leaving 
aojlhiog to chance. To acoomplish tltia the light from the Inminona object 
fell npon the revolving minor, not in an intermittent mumer. bat contmaonriy, 
so that it was reflected in all directionB aronnd its axis ; in one of theec direc- 
tions the reflected light met a fixed mirror on which it fell perpend icoUuly, 
and which caused it to return over its path in sendiog it again to tho rotataig 
minor; there it experienced a new reflection which eent it to the laminooa 
object whence it set out. It was, therefore, near that object that the observer 
placed bis eye to receive the reflected rays, rays which, for ooBvenicnce, M. 
Foneanit turned to one side by means af a transparent plate of glaaa iadined 
45 degrees, similar to that which M. Pizeau hod employed in hie cxpericaent 
of Suresnes. The following aie the words of M. Foncanlt in dcectibing his 
apparatos : * 

"A direct laf of Iig:lit. pendnling a B(|iuTa npeimiK, meets, ray near the apeHare, a Ml- 
cole of elsTOD Tertiol wires of pbuiQum to tbe niilliBetre, (.(JJU37 of an ioob ;) tlwBci il 
pastel towards an eiecUeut acbromatic lens of loof; focoa, placed at a dUtaoce from Iba 
leccnle Ik»> than double tbe pnncipal focal dbtaoce. Tbe image of Ibo rcticale of greater 
or leas dimomiooi would bo tormed on the other aide, but. after having tiaverr«d the lem, 
tbe pencil, before iti conrergcace at the focoa. falls opOD tbe mrfltce of the rrvelving mirror, 
and, animaled witb an angular motion double that of^Lhe mirror, it forma in space an lEnaffe 
of tbe Tort'cal wiree, whl^ is dii^'aced with great tapidil;. Daring a ■mall portion of ila 
revolDtion this image mceU tbesuifacnof acoDcavomirror. wbore ceeCie of i-urratiirG coia- 
^dca with the cmliB of liglire and Ibe mat of intatioa of ibe TevoiviBg- minor, and, dariog 
lUl tbe time it pawea oru its aarface, tbe bght wh^ch has roncBmd to figna it letnoM iis 
la npon tbe reticule itself, produciag theio its image, equal to it in sixe. In ortet 



to Dbeerve this image wiiboet sbatling oat the iHiginal beam, wa place obliquely to 
of li^tl, near tbe reticnte, l«lween it and the objrrt glass, a gjaai plate, and weob>m- 
a powerful ocular the image thrown toono side. • • • The miirar, in nrfolvfnp. 



this imago to reappear ut each revolatian. and, if the valocitj of tbe n 
uaifoim, it temiuiis imiiiovable in space. >'ar iidociliei which do not snqiass thirty ton* 
per soconil, its mecesaivo apparitioDs are more or less distinct, bnt ever thiitj tnrm give a 
pHTsistMico lo the impreeaion* on the eye, and the image appeals absoinlelj med. 

"It is easy to demonqtrate that the mirror, in revolving with greater or lees rundily, will 
displace this image in I bo diiectioo of tbe motion of rotatien. In fad, the light which pMSM 
between tho wires of tlic reticuls does not rpiorn to tbe wires aatil it baa received frun the 
levolviDg mirror two lelleclions, separated b7 the time it takes lo nm over doable the path 
from die rerotviDg mliror (u the concave mirror. But, if lie mirror revolves viry fast, tbia 
timo taken by the light to go and come back, even over the Bnnll length of 4 metres. (13.11 
feet, ) cannot bo tegu.Jed as inappreciable, Md the nutror baa bad the time to ckooife sen- 
sibly its position, nbicb is shown by the chooge of pociiioa in tbe image fuimod by tbe n- 
laralag beam. Rigorously npeaking', this effect takes plac« as »ooa as the niirrur liini!i, even 
alowly ; but it cannot bo observed nntil tbe mirror has acquired a certain vetocliy, aud only 
when we employ certain precaulions in tlu experiment. ALImyeflivtB hare tended loiendi^r 
■■■is dovi.tt' — ' ' 



"The principal obstacle to sunnouni is that, in lo ntrnpUcated a path, the light cannot 
converge to the Ibeas in a neat. cleAr image. The deadening which the pencil caperiences, 
in being reSectcd twica from a turning mirror of small anrfaco, necessadly doetiuya the nicety 
of tbe image, and produc^ in its routoor an uuavoid^ible miitiiuaa. It is for this muon that 
vro have chosen for source of light tbe eqiti-distant linear spaces between thu wires of a vtfy 
Boe net. Although the imagi> obtained is never clear, vet it is pressited under the form of » 
ayalem of white and block alripcs, similar to colorless diffraction bands, each having a well- 
dffined maximum and a mloimiun of ligbL Like tlie wirra of the not, these Inminoiis or 
obsouie spaces are distant from each other one-cleventb of a millimelie, (a miUimetre cqn^ 
.0^31 ot an inch,) and if, to observe them, wo place in tbe occulor a micrometer divid^ into 
lantha of a millimelre, the two aystema of linea will openue, by tbeir re!ativo dia placements. 
as a vernier, and will permit us to mcasuro in tbe image, wilb ecrtaiuty, a dLsp!accnH-ot of 
the one buudredlh of a millimetre. 

"After tbe known velocity of light, with an objective of 2 metres (6.56 feet) focna, siid in 
using tbe double path of 4 metres, (i3.1-J feet,} we find that we need Dot give lo tbo niiiTot 
nn extreme velocity (six or eight hundred revolutions per second} in order lo obtain displnco 
uwuts of two and three-tenlbs of a loillimetiv. • • ■ . • ■ 

" Surh Is the cotislructiuo of tlio optical appumtns which has permitted u.e to bhoir the 
iiUi>i<wwlvo propagation of liiininoua rays. Uy first attempts succeeded in ihe 3:r with a 
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minw irhirh made tm\j tmnlj-Aint to thiitj tnnu per lecoDd, the Ic^th tf tba doable pklfa 
bcine lour iDBlras. 

"In ordoT to moke tbs experiment irith water, wa haveonl^te place betireeu thij lerolTinr 
miiTor bad the concave minor ft eoltunn of tbU liquid, held betweea two parnllel plate* ot 
psaa in a conical melaltie lubr, vanuabpd inside wiih copal, bo (bat the wbut Ttaald remain 
. el«r,tutaketb«Tteaei>HiypTa-aut]oiuthiu the loniitiwlDMesweDatalnuDed in their framei, 
and to obnalo the incoaveoiMice «f the change of locna By the ^terpotiiton of a liqnid Utbt 
of ^ nii:tiea ('.) Si feet) tbjckneaa. having paral.el surfaces. In (bs end vreaucceoded in oasilj 
obtaining, tvjtb the feeble and green ray which has tnivenod the.nater, nn imags aa distintt 
Bi ibnt which is lormed nitliou^ the intcrpoaitioli of the liquid. Therefore it is required bnt 
to tTim the miiTOT and to meaaare with pracisioDits rolocitj of rotation if we desire to deduca 
(he absolute velocities in air Mtd in water, orlo <^»'ale aimnltaneoiulj on tbeae two media 
if we wish to kiiow only the character and difference of these velocities." 

'I'he aecond modifiitation iatrodiiced by M. Foucsult, m tbe Brrangumeat of 
die BpparatuB Ara^ proposed to empky, was in reference to the means of giving- 
to the rcvolviiig mirror an extremelj rapid morcment of rotation and of keep- 
ing up thia motion a BoScient length of time, in the apparatus of Arago, B. 
Breguct produced thia movement «)f rotation by means of wbceia with oblique 
teeth revolving under the action of a weight. M. Foucaalt aubatituted the 
direct action of ateam, evolved at a certain preseore from a atearo-boiler. on n 
little turbine fitted to the axia cnnylng the mirror. The much greater aimpli- 
city of thia rotating mcchaniaro offered very notable advantages in the execution 
of the expcrimenta, 

Id hia communication to the Academy, M. Foncault thus announced the re- 
anltB he had already obt^ned : 

"In oonfining myself to the detenninatioris of tbe valocity (of the mirror) bj the soniid, 
(pf«dno»d br the action of the steam on the little tarbiDe,)as 1 have already proved by twa 
! 1 -" IS that the daiiation of tht image aJUr the paiiage of the light tlire»gh 



tm-veried the air, and in part by the light wbich has ttaversed tho water. During low 
Telociiies tbe stripes of tbe compound imago wore Boosibly tbe contiDQitioos of each other. 
and, ty lie ateeUratiaii of the nuiBemait of rotation, iht image i$ chrried to me luie, and the 
alrijMS are bToken at lAe beundaTif line, at the jumctinH of the air imagi leiik the loaler image, 
tke itTipet of lie lalter being in adcaaee in tho direction of tbe commoa dDvistion. Moioover. 
io takiog into account the lengths of air and vrater traversed, Ibo deviations were seen lo be 
IHOportiOD^ lo the indices of refraction. These reanlta demonstrate a ttloeilf of tight Uta in 
walsr thorn ■■ air, and fully confirm, according to the views of 'Arago, the indications of tlie 
Cheoi; of nndulations." 

It. Fizeau, on hia part, made to the Academy of Sciences, in the aame meut- 
ing of the 6tb of May, tho point to wiiicb he and M. Br^guet had arrived in 
their attempta to attain the same result. Wo reproduce here hia commuaication 
m full, taken from the Compte rendu of tbe meeting : 

"We have undertaken lo realize theimportaot ojperiment of which M. Arogo spoko tu- 
tbe Academy at its ioat moDiiog. nod which be is not able to uoitertake at this moment ou 
account of the feobte coudition of bis nigbL 

"The rotary apparalna of M. Brfignel carries a small mirror of 12 milllmelres (.472 of an 
inch) in diameter, to which eon be given a velocity of nearly 3,000 turns per second, and 
wbicb easily makes 1,200 or 1,500 revolutions. 

"The optical arrangement that we employ la founded on tho retnniof tbe rays on them- 
' Mlvva, produced by means of a peipcndiculai reflection: this is tba arraDgement which 1 
dseeribed io u preceding work. 

■'The tight emanatjng from a luminous image, formed at the focus of tbe telescope, 
trsveivai tlie objective, meets tho revolving mirror, and is reflected normally from a Giod 
mirror; then comes bock to tbe revolving mirror, traverses the object glass, and returns 
Euallv to (be focns. 

*"nie phenomenon produced by the rotation consists in the daviaUon of the retiirn-imogo, 
which ia a permaneot image lesulling from the very rapid succession of inslantaueoiu super^ 
posed imnges; the deviation results from tho angular movement made by tho revolving' 
mirror, whilst tbe light runs over doable tbe distance which separates it from the fixed 
mirnir. Alter having observed ibe deviatious in air for distances which were varied, so as 
to obt^JD tbe greatest ioteosity of light and the best deliaitioii possible, wo arranged the 
experiment bo as lo observe aimullaQeously tbe corrcBpondiDg deviations of water and of air. 
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For oqosl Irngtbi uf the two tnodia Ibe ratio of the tno doTuIiont ahoald be, after soe or tba 
other of the theories or li$;ht, either } or }. 

"But, imtead of lakin^ equal lenftliB, wo can. take them bo (bat tbej will bo for (be 



water and for the air in tbe ratio of 4 to 3. Accoiding to the Ibeoi; of ._...._,. .. 
leDgthi an eqiiivaleot. or are run orer in eqnal times, and tho deTiatioiu should be eqnai. 
According to the theory of undulations, on Ibe coutrary, theso lengths should be run orer in 
retf different times, whicb are foi water aud for air ia the ratio of kO to 9, and the dorialionf 
ahoitld be iu tbe same ratio 

"We have, tberefore, adopted for water a length of 3 nietro^ (9 feet 10.11 incbei,) and 
for air a length of :2.25 metres, <7'(bet4.5S inches.) 

" The experiment made Bimultoneouatj on the two media baoomee a tbit delicate differen- 
lial experiment, in which it is not ueoeuarj to know euetlj the velocitj of lotation of tbe 
mirror. We hare onlj to compare the simultaneona deviations of the two images. 

"The apparatos Is entirely constructed, but (he condition of the atmosphcni has not yet 



aDowed oa to make tbe obserration, and these experimenta require so inteiise a light that it 
ia not poHible to substitute for tbo sun's rajs oKiScial lighL If the skj had been cloudless 
fealeidaj or to-day, «ra would haro been able to hare presenlcd to4ay the result t( 



ir eiperitnEots are Dot jet accompllibod, it is becaosc we wnititd until M. 
Arago should authorize ns to engage in researches which belong (o him." 

Six weeks later, aa wo hare already s.iid, HM. Fizeaa and Bruguct aanonnced 
to the Academy (meeting of 17tb Jucie, 1850) the complete saccess of thdi 
czperiraeat. Ihey obtained very neat reeulta; the phenomeaa obaervcd were 
Altogether in accord with the theory of undulation, and evidently opposed to 
tho theory of eraiaaion. 

Thus the beaatiful experiment of Arogo waa doubly realized. That which 
bad specially facilitated tbe eacccss of this experiment, and given a great prc- 
cieion to the obaervation of the phenomena prodaced, was (he modification of 
the original arrangement as indicated by Arago, a modification which had for 
it» object to replace tho fugitive image observed only by chance in a given 
direction, by a permanent image produced ia a determinate place, where we 
can obaerre it with precision and at onr caae. U. Foucault rightly attached a 
great importance to tuat modification, and in the communication to the Academy, 
the 6th May, 1850, he claimed its invention in these terms : 



Bat we may see in the commnnicatioa of it. Fizeau, whicb we are aboat to 
reproduce, that, in the apparatas which he had derisod with M. Br^gnet for 
the execution of tho experiment, the siuno modification ia found introdoccd. 
We there read in fact : 

"The optical arrangement ••••»•• ig founded on the nturn 
<(fthe rag* on iMtmitlcei, froJueed bg mtatt of a ptrptndicalar nfUctUm." 
And farther on : 



M. Fizeau even refen this modification to tho arrangement he had adopted in 
his beaatiful experiment of Suresnes, for in speaking of the retnm of the rays 
on themselves, produced by means of a perpendicular reflection, he .idds : " This 
is the arrangement which I have described in a preceding work." The com- 
munication of tho notices of MM. Foucault and Fizeau, at the same academic 
meeting, cooetitutes a simultaneous publication which docs not allow tho slightest 
priority to be established between tucrn on this aubject; but M. Foucanlt took 
care to aasure that priority in publishing two days in advance, in a political 
jonmal, the detailed description of his apparatus.* That which belongs cssea- 

* See, at the end of the CMar, the articis published br M. Foiuwilt, in the Journal da 
OWou of May 4, 1850. , 

L,„r zed by Google 
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tittllj to M. Foucault is the Btibstitution of the Eteam turbine in pTocfi at the 
wheel-work employed by M. Br^guct to rapidly turn the mirror, and that modi- 
fication boB also o great importance on account of the facility it gives to yaiw 
the velocity of tbe mirror, to regulate it, and to maintain it at a aniform velocity 
doriDg as long a time aa we wieh. 

MEASURB OP THE VBLOriTY OP LIGHT, BY M. FOUCAULT. 

The apparatus which served U. Foucanlt to determine that light moves faster 
in air than in water was not devised solely for that comparative experiment; 
its principal object was to furnish the absolate value of the velocity of light. 
It was in this point of view that M. Foucault broaght it forward in 1850. in 
indicating in a precise manner the meantf which he proposed to employ in order 
to arrive at a certain precision in that measure. 

We have seen that in this apparatus the return of tbe rays upon themselves 
gives place to the formation of s permanent image which is displaced trans- 
versely by a quantity so mncb the greater as the revolving mirror turns more 
rapidly. The measure of this displacement of the image can make known the 
quantity the mirror has turned during the interval of two enccessive reflections 
of light &om its surface in going and in returning — that is to say, while the light 
bad rna over twice the distance of the revolving mirror from the fixed mirror; 
it is therefore sufficient to know exactly the velocity of rotation of the mirror 
in order to deduce the time elapeed between these tvio successive reflections — 
that is to sayfthe time employed by tbe light to moke double the journey from 
the turning to the fixed mirror, and consequently the value of the velocity of 
light. 

Tbe following is the very ingenions method by which M. Foncanlt was 
enuUed to determine exactly this velocity of rotation, or rather so to adjust tbe 
motion that the mirror can be made to turn with a velocity determined before- 

A wheel-work mechanism gives a uniform movement of rotation to a disk, 
Inoihed like a circnlar saw. This disk makes exactly one tnrn in one second. 
The teeth which arm its contour, and which are accurately cut equidistant, are 
to the number of 400; so that the time employed by one of these teeth to take 
the place of the one which has preceded it is exactly tbe T^tb part of a second. 
We so place the wheel that its border cuts the plane of tbe field of view of ibo 
mcroscopti with which we observe the return image from the mirror. If this 
field were contiouously illuminated, the teeth of tbo disk would appear to pass 
before the eye with tbe velocity of their motioo; bnt it is not thus. The light 
ouly comcB to the field of the microscope at tbe instant n reflection takes place 
from the revolving mirror ; this field, and consequently the border of the toothed 
disk, arc only illuminated by snccessivo flashes of light, and those flashes are 
governed by the rotation of the mirror, which at each revolntion sends rays 
into the ioten'or of tbe microscopes. If the mirror makes exactly 4U0 turns 
per second, then the interval between two successive illaminations of the field 
of the microscope is exactly equal to the time employed by each tooth to tuki; 
the place of that which preceded it; so that at the moment of the successive 
illtmiinationB we always sec a tooth of the disk in the same point of the field 
of view : (Ac ditk appear* ahioliUely itnvwcalile. Suppose now that the mir- 
ror makes a little let* than 400 tumc nrr tccond ; wbikt it makes a revolution, 
each tooth of the disk goes a little further than it ought in order to take exactly 
the place of the preceding tooth ; at the moment of the succeBsive iUumina- 
tiona the teeth which replace each other do not appear any longer exactly at 
the same point in the field of view of the mict«BCope ; they appear little by little 
io advance in tbe direction of the motion of the rotating disk, so that the disk 
appears to bave a slow movement of rotation in the direction of ita real motion 

lis 
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If, on the eontraiy, tfaemirrar makes alittle fn^re than 400 turns pw secood, Ae 
teeth of the disk at the moment ther are illuminated appear more aad more 
behind a fixed position, and the diek seems to turn slowly in a direction the 
reverse of its real motion. When we have so adjusted the velocity of rotation 
of the mirror that the appearance of the border of the toothed dbk which wt 
Bee in the field of micro;icopo appears immovable, we are certain that the mir 
ror makes exactly one turn while the circnmlerence of the disk progresses one 
division, and conBeqiiently whilst the mirror makes exactly 400 tome per vcond. 
It was by adding this improvement or complement to ^s t^pantns of ISCO, 
by substituting compressed air (evolved from the blowing-macluQe of cooetiiii 
pressure of M. Cavulld-CoU) tor steam as the motive powec of the little torUm 
attached to the axis of the mirror, by increasing the length of the path of the 
light between the two reflections from the revolving mirror from 4 to 20 metns 
(li-om 13 feet 1.48 iuches to 65 feet 7.4 inches) by means of successive reflec- 
tions from intermediate fixed mirrors, by taking every possible precaution to 
measnre the displacement of a few tenths of a millimetre given by thoievolriBi 
mirror to the position of the image in its retom, that M. Foncanlt, in Septemb«t 
186S, succeeded in determining with a certain precision the velocity of light in 
air. He thus foand a velocity of 298,000 kilometres (185,177 miles) per secood, 
a velocity a little below that of 308,000 kilometree, (191,391 miles,) which re- 
sult from the value of aberration (20.45 seconds) deduced by If. Struve, from 
very exact astronomical observations, combined with the valne (8.57 seconds) 
adopted up to this period for the parallax of the eon. 

Let us recapitulate the aeries of labors whiob has led to e<jf remarkable a 
result ; 

Mr. Wheotstone {1834-'36) devised the use of a rapidly revolving mirra-, t« 
render appreciable excessively small intervals of time. 

Arago showed (1838) how, with the aid of such a revolving mirror, we woold 
be able to determine the difference of velocities with which ught traverses air 
and a liquid. 

In the mean while M. Fisean sacceeded (1849) in being the first to render 
evident the progressive transmission of light and to measoie its velocity, b; 
means of an experiment made on the surface of the earth, in the space of a few 
kilometres, and adopted an alti^ether difiercnt method from that proposed by 

An important modiiication, introduced (May, 1850) in the arrai^ment de- 
vised by Arago, rendered incomparably easier the observation of the effect dae 
to the difference of velocity of light in air and in a liquid. 

Owing to this modification the experiment of Arago was executed Dearly at 
the same time (May and June, 1850,) first by M. Foucault, and then by KiL 
Fizcau and Brugnet 

Finally, M. Foucault, perfcctiuK bis apparatus, measured (in 1862} the velodtj 
of light in operating entirely in the interior of a laboratory of moderate dimen- 
sions. 

An admirable experiment in physics, in which, by the power of iatt^Uect and 
nianual skill, we have enccecded not only in r^idering seasible, but eveft 
measnrable, the time employed by ligbt to run over a path of 80 metres, ifio feet 
7.4 inches) although this time barely equals the TTSfsvee^ °^ ^ second ! and 
which, if we repeat it so as to vary its elements, and thus make evident itw 
constant causes of error which affect the reanlt, i^pears oapable of giviBg a 
determination of the velocity of Ught altogether as precise as that wM^ a d«- 
dttced from astronomical phenomena I 

Wo would be uajnst if we did not mention that the Baecess of the expen- 
mcnt of M. Fottcaolt was greatly indebted to M. Fromeat, the able cooBtmcwr 
of the different parts of the iqiparatas. The clock-work which gave to tbi 
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tnotKed disk a B&ifDrra motion of, one revolutioa per tecond, and tbe ravolvuig 
mirror pnt in motion by tite little tur-tnrbine, or tirine, ought to take rank 
among the naraeroua mechanical wonders which have proceeded from his hands. 
Tfao most ingenions coaceptions remain anrealized if they do not find an artist 
capable of ezecu^g them. Thus history has taken the care to treasmrc the 
memory of eminent mechanic ians, to whom are due the delicate conatructioiu 
which have riren important progress to acienee. The name of the illustrioiu 
Engtish ctoc^-maker, Graham, reauiiu foiever associated with the discovery of 
aberration and of nuUtion, made by Bradley, with an instrument constructed 
by that artist; is the sane manner the name of il. From^it will remain in- 
BSpaiaUe from the beaatifnl and refined experiment of which we have just 
Rpoken, and for which he executed the important and ingenioaa improvements 
Mded by M. Fonoanlt to the t^ginal apparatus devised by Arago. 

Tbns science ia in possessian of two methods, essentially different from each 
other, to eSiect the measure of the velocity of light on the sur&ce of the earth. 
The first of these two methods, iuvettted by M. Fizcau, was employed by 
him in his memorable experiment of Sureenes ; but although the number that 
h» thus obtained was very utisfkctory from its close agreement with that 
which is deduced from aatronmnical observations, stiU we should only regard 
this ezperiment as having established the pombilUy of- meas&riug the velocity 
of ligbt by employtng this method. As soon as tbe success of this method 
was made known tbe Academy of Scienoes, on the proposition of a commieeioii 
of which Arago was a member, determined to construct at its expense an appa- 
ratus of large dimensions to turn the toothed disk destined to measure tbe 
Telocity of light by the method of M. Fieeau, in using every possible precaa- 
tloQ to give to that measure nil the precision of which it was susceptible. The 
apparatns ordered of H. Froment was finished, but its adjustment on the ter- 
race of the Observatory was prevented ; all the details of the observation to 
be made between this terrace and a distant station, such as Mont-Val^rien or 
the toar of Montlh^ry, had been studied; it was deternijoed to employ tele- 
sc(^>e« of large aperture, in order to increase the luminous intensity of the 
obserr-ed image, and thus give all the desirable distinctness to the snccessive 
ecdipaes occasioned by the increasing vdocity of the disk; it was proposed 
tlitia to produce twelve or more successive eclipses, ic, when the death of 
Arago postponed the execution of this important operation. Let ns hope that 
tbs postponement will not be indefinite, and that the realization of an experi- 
ment which promiaes such chances of great success will not be delayed. 

T'he second method is that of M. f'oucanlt, who has also obtained by its 
means a value for the velocity of light which is not far removed from that 
givon by astronomical observation, and agremng even still closer with it if we 
adopt the increase which it seems we should give to the value of the parallax 
of tlie sun. This method, much more delicate than that of M. Fizeau, ap- 
pears, on acconnt of its very refinement, more exposed than the latter to the 
influence of constant causes of error capable of falsifying the result. IiCt ns 
■bo hope that U. Foucault will not delay to complete hia labors^ by studying 
the iofioence of these causes of error, so aa to deduce a valoe for the velocity 
of ligbt the moet precise that this method aan furnish. The simultaneous use 
t£ these two atethods of measurement, whose results mutually control each 
other, is not too much in order to detarmine with all the exactitude possible 
dH^wmlne of an dement so important as that of the velocity of the propagation 
of liglit tluough epaoe. 
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ASnCLE PtJBUKED BTM. FOFCAtXr Of TBE - JOTKEU. fiU DCftAn,' 
OS THE BEllJUTfOa OF THE EXItJOMBSl Of AMMOO. 

To THB EtmM— Sir : I ^D M>t *ak fcr dw cxpnbH rf iIk fartai^ 
10 jtiTB yon u •eewml of "*«t »« •wwpW tke AoacMr <f ScieMM Auvg 
iheir meetins of jciWrAaj. AU k«r» tku JL An^ ne to ooM^iMe tkt 
wcoant of hi» b(«ttifal resMirbw rf pcOwvaOiw m4 «f fh iliM nl i y . TU 
dttrndance wm l*^. «wi tiie KetAemj i«M>i4D4 «i aa Tw aiiafawa^ mw»- 
,uit« and two corrMponding mnnbere — ^JCr. Dxrid B k ^w wei. L«r4 Jh ^wgh — . 
jMil M. de k Rive, of Geneva. B«t wbst w«e bm e x pa a eJ wa^ that M. Ara^ 
twilled attontion U» mm of the sort beuttfU fnJMUd ea y ai MM U iki* iht 
wutu« iif • navant has erer prod»ced. mmA be dmlmd ihaL atfatr bavag mb- 
JUwJ it, he hud left w the Towng gMsnttioB the cne mA the hoMr «r p«- 
v-rwins It. 'I't** experiment has more than oaee aecafaed the a iM a ri o« of ihe 
XoJfWVj It propose* to decide, bj Beaoe vt a ict«*t m ^ nimr. vbetber 
- <^l mitre* fuator in air tfaaa in water, and to acck. m the pf uha h ta naak of 
v.* c\iH<rlineDt, the cmifinnalioii of the tbeorr at prenat a l i a fM i i to expUia 
t '. ^>|ili<^1 phenomena. Ton taaj jnd^ «ir, of the ^aadaa with which I 
V^Mvl ihi* ^■'nexou* decUialkm ; I. who for eereral Am had ■■ nr haada the 
\'>.iiuM>uUl iolution of this great probkin! Xere i ihe l f I th i a^h t it pcopor 
.>':>.vt)wne to the next meeting the leading «f the papv ■■ which 1 bare 
,v.<i.l<.-d my nMulU. In the mean time permit me, air, to Maa T t . in « few 
*. ,■■.. tlw winlu which I hare observed. 

I, ^til einployi more time tonu over the same path mwalisthan in air.aod 
1 ' i?uio wliii'l) It take* to trarene theae two diSmst media ia bIiowb \tj the 
,t:\..ttivut of tlio raf whidi ia refceted at a giren mom ent from a mirror re- 
i. k -^ wllll a great rdoeitf . All thingv remaiai^ c<|nal. the deriatioaa weie 
•-.! .%t l\t hii iii(i|>ortional to the indiece of reAnetioB of air and ot water. It is 

Z Lvuiiblti to entertain the leaM doubt aa to the lealitT of theae resalts ; they 
V,vv' ^^'H (ihtaini^d bj two diferent methods. The two deriatiooa were firat 
.V . ' t ^'J «uou«Miilrelj and foDiid uieqnal tar the name velocitj of the minor. 
• >(. \ wtuv then obserred sinniltaBeonaly, which rendered the obaorration still 
^-^ ,vmln. 

^\ Mit ino to limit myaelf to the rather teehnicBl cxpicenon of tfaeee n«w 
^ « VVIitiii the columns of the Jonmal are nnoeeapied I ahall eater inlo 
v^ \ ^<V«>liipiueiiti aa will raider tbeee piopesiliona more intriligiMe to yami 

* LfiOS FOUCAULT. 



[Namfcw of Satariar, Umj 4. ISjIL] 

».■,• uuWUhed laat Toesdar a letter of M. Foncaolt annonneing the niceepa 

■ .;n'»l eipitriment originally devised by M. Arago, and which, in giriiig 

^ vA'\>i velucitiiM of light in air and in water, accompltebed the arertbTow 

. o-uitt'on theory in favor of the theory of nndnlation. "Hie enn hariop 

.\'l (luring the few days past, they hare been able to repeat eereral times 

siiiaeut in prcitence of a certain onmber of French and foreign saranlM, 

.K^v the mctboda which hare insnred success are geneially known to 

viis li> trailing for the commanication which will be given at the 

' .4' the kcoAf-my next Monday, we will concisely indicate the fnnda- 

*^U of the experiment. 

, .^ of lunlight reflected from a helioatat in a fixed direction penetrates 

" ^;iy a (lark room ; it first passes through a small opening of S milli- 

,i;>)7 of »" '"^^^ aqnare, then a reticnle extended behind diis opening. 
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nud formed of eleven plationm to the milliioetre. Puiing tlirough diis roticale, 
the beam of light mecta an objectire of a focus of two metres pUccd at a dis- 
tance from the reticule less than the double of its principal focal leDgth, aod it 
tenda to form beyond a magnified image of the reticule. Bat before the forma- 
ti6D of this ioBfe the convei^ing pencil is reflected from a small mirror which, 
capable of rapidly revolving around a vertical axis, we will call the revolving 
■urror. After its reflection, the converging beam will form ao image before thu 
mirror at a dislance of 4 dietreB, and when the mirror tonia, thia itnage moves 
in space, describing circles double of the number of the turns of the minor 
supposed to reflect from its two faces. In sweeping through space this image ' 
meetfl a cmic&ve mirror whose centre of curvature correspouds with the centre 
6f figure of the revolving mirror and with the centre of^the axia of rotation ; 
it thence results that during all the time that the image of the reticule falla on 
the concave mirror the light is thrown baclt to its point of departure by the 
Kvolving mirror and returns to form at the reticule ita image of natural size. 
This image coincides exactly with the reticnle, when the revolving mirror being 
at rest is placed at the proper angle of incidence ; but as soon aa it moves, the 
image is deviated and deflected in the direction of the motion. In order conve- 
niently to oboervc this deviation we place obliquely to the path of the entering 
beam a glass plate whi^ throws this image to one side. This image appears like 
GolorleflB difiraetion bands, striped with vertical lines, diutant from each other 
the eleventh of a millimetre ; they are examined with a powerful ocular, 
having at Ha focus a micrometer divided into tenths of a millimetre. The 
■tripes of the image bear the relation to the divisions of the micrometer as a 
BCKlfl to its vernier, so that deviations to the one-hundredth of a millimetre can 
be read off. Calculation shows that a deviation should be obaerved for thirty 
tnniB of the mirror in a second ; and in fact it is seen for that velocity ; for 
greater velocities the deviation is measurable. If we wish to measure the 
velocity of lig^t in water we place between the revolving mirror and the con- 
cave mirror a tube three metres long, filled with perfectly clear water, and its 
ends closed by plates of glass of parallel surfacce. All things remaining the 
name, the deviation observed when we interpose the tube of water is always 
greater than when this tube is not placed between the revolving and the con- 
cave mirror. But it is better, to operate Bimultanoonsly in the air and in the 
water, to employ two concave mirrors of the same radius of curvature and both 
&cing the revolving mirror ; one destined to receive and send the rays through 
the water, and the other through the air only. The mirror in revolving causes 
the two jmages, corresponding to the two reflections, alternately to appear, bnt 
the rapid succession of their apparitions makes them appear saperposed ; to 
distinguish them tVom each other we cover a good part of the heignt of the 
coDcave mirror which reflects the image through the air, which reduces the light 
of the brighter image; the remainder of the field ia occupied by the image 
which has traversed the water. The vertical stripes of these two images abouTd 

"COireepond, and indeed do correspond, for low velocities of the revolving mirror. 
Bat as the velocity of rotation increases, the two raya are deflected unequally, 
the stripes break at the line of junction, and the deviation is greater for the 

. daU and green image which has traversed the water than for the luminous and 
white imaee which has progressed only through the air. This last experiment, 
aithongh difficult to repeat with apparatus improvised in a hurry, has the ad- 
vantage to appeal directly to the eyes ; it has been repeated before several dis- 
tinniirited savants, who, in reference to it, no longer retain the least doubt. 

To give to the mirrors rapid and constant velocities M. Foacault uses a 
small steam-turbine, which was constructed with the greatest care by M. Fro- 

Bwat. We caoDOt at pnuent enter into the details of ita construction. It wit) 
be noticed hereafter, as well as the applications of this new method of experi- 

laenting, when the paper in which it ia described has been presented to ^ 

Academy of Sciences. ^'i_> 



OZONE AND ANTOZONE. 



BV CHASLBS H. WBTB8KILI., PH. D., 



ScHORNBBiN, in the year 1840, called atteotioD to the exietence of a bi 
which he named from one of its most striking characteristiea, ozone, (oC<*, / 
tmell.) The peculiar odor in the neighborhood of a good dectrical machine 
when in action, and especially when the electridty ieeaea from a point upon 
the prime conductor, or b drawn from it aa a spark, had l>een well known. 
A similar odor had also hecn pereeired accompanying the fall of the thunderbolt.* 
This phenomenon had heen characterized as a phosphoric or a sulphur smell. 

Schoenbein called attention to the fact that a similar smell is perceived during 
the decomposition of water by the voltaic pile, and is observea occompsnyiDg 
the oxygen which appears at the positive pole when the gases are collected 
separately, and that it ia also experienced in many chemical processes, espe- 
cially in those involving a slow combnstion. In explaining the odor of the 
active electrical machine, it had been assumed that the BensatifHi is dne solely 
to A peculiar action of the electricity upon the organs of Bmell, and not to tile 
presence of a material snbstance; but Scboenbein discovered, in the eawf 
alluded to, the existence of a body having the cheoiical [ffopertiea of active 
oxygen— that is, of thiii gas in its condition of entering most readily into chemi- 
cal combination, to which he attributed the phenomenon in qneetion, and to 
which he assigned a characteristic name. 

During the twenty-five years which have elapsed since Scboenhein's dis- 
covery, this difficult subject has been investigated by many sdentisis, uid 
especially by Schoenbcin himself, by Marignac, De la Rive, 1* remy, ErdmaoD, 
Berzelius, Williamson, Becquerel, Bnnmert, and othera equally well knowa io 
research. While there are row subjects which present a wider field for invoni- 
gatioQ, or which are more important in their relations to a knowledge of animal 
life, and to some interesting practical questions iatechnology,thereare few which 
reqnire a greater patience, or a greater degree of skill in manipulation (oi their 
research. It is in consequence of these difficulties that oar knowledge »f 
oEone is so limited, notwithstanding the time and labor which have fae«i be- 
stowed upon it. It is the object of the present wlicle to give a brief sketch 
of what is known respecting this substance, on the authority of the articleoa«iie 
in Poggendorff'a Dictionary, and from the essays of experimenters in various 
scientific periodicals. 

Some time elapsed after its discovery before very definite views were held 
u to the true natnro of ozone. Scboenbein, who for a long time denied 
that oeone is an allotropic form of oxygen, at- first supposed that it was 
a new body which, in union with oxygen, or perhaps with hydrogea, eoa- 
stituted nitrogen, to which ho attributed a compound character. De la Bivr 
imagined that the peculiar smell was due to the action upon the or^u, ol 

* Homer naliccs the smett of the tbnnderbolt. Mohr In Vo^. Ann., xd, 625, Thns, In 
the OdjsBey, book xii, Terse 417, and xir, 307, Jupiter strikw a ship wiih s tbunderbsli, 

tr Se dtitav nilijro, "qaile foil of enlphum"" nAnr" In ihn Iliin/l viii irK .imn. kMri* . 

bolt, "wilh the flume of tlio borning aulp 

In the aarno poem, li", 415, AjaihnrlB a rock at 

strack by lightoiDg, which lies uprooted, and iRim 

"■'■''""■*" ......Google 
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very findj divided metallic dust of plaUnnm, or of gold, wbieli was eepuated 
from the condactore by tho electric current, and converted into oxides of tlie 
metals ; but Schoenbein proved this explanation to be untenable by the expcri- 
ment of employing hot points for the isauing of the electric charge into tho air. 
Under each ciroumBtsncee the hypothetical separation of metallic particles and 
their oxidation should be increased; but, upon the contrary, there was no 
sDiell of oaone at all perceptible. Beaidea tbia, ozonized air, when shaken in 
a bottle with water, does not lose its peculiar smell. Hence it ia a gas, not 
absorbable by water, bnt altered in its character by heat. Uangnac and De 
la Biro subsequently performed experiments which seemed to show that ozone 
is pare oxygen. As Marignac waa unable to obtain ozone by electricity with 
oxygen unless moisture was present, it was possible that the substanco might 
be peroxide of hydrogen, and this hypothceia became highly probable by the 
extended and carefHil research upon this point by Dr. Williamson. This chem- 
ist prepared ozone by the electrolysis of sulphate of copper, dried it by passage 
over chloride of calclnm, and passed it through a tube containing copper turn- 
iDgs, heated to redness, which had been first oxidized and then reduced in a 
carreut of carbonic oxide. By the experiment, oxide of copper and water 
rcsalt«d. Schoenbein now adopted this hypothesis, having been fortified 
by experiments of his own. At first he reg^cd ozone as a higher oxide 
(UO3) than Tfaenardt peroxide (HO2) of hydrogen ; but at last retained the 
latter fdrmula. Schoenbein defended thia view pertinaciously, supporting it 
by experiments and by argumcnta against that of De la Rive, Bfarignac, Mar- 
chaod, Erdmann, Berzeliua, Fremy, and Becqaerel, who prepared ozone with 
pore oxygen, (obtained from chlorate of potassa, the gas being washed and per- 
fectly dried,) either by the electrical macnine or by an induction current. Ma- 
ri^ac, by acting with ozone upon pure powder of metallic silTor, obtained 
nothing but the peroxide of that metal. Hence the conclusion was warranted 
that ozone is oxvgeu In an allotropic form. Schoenbein's opinion was based 
npon his view of the halogen bodies, which, like Berthollet, he believed to be 

Croxfdes of nnknowu TadicaU, and from the an^ogy of ozone, in its chemical 
hsvior, to chlorine. He also assumed that no element ia known which has 
an action npon the olfactory nerves to call forth the sensation of smell ; chlo- 
rine, iodine, and bromine being, as he believes, compounds, while phospbonia 
and arsenic act npon this sense by reason of their passage into the condition 
of oxides. 

Banmert contended that the odorous gas evolved by electrolytic action is 
esaeotiallydifiereDtirom ozone obtained by the electric spark. Its constitution, 
according to this chemist, is HO3 ; it yields no water to anhydrous phosphoric acid 
sntil it ^s first paaeed through a tube heated to redness, which ho supposed 
deoomposes the HO3. Banmert, however, in subsequent experiments, acceded 
to tho opinion (derived fh>m ihelr investigations) of De la Kive, Erdmann, 
H^gnac, Uarchand, Fremy, and fiec^uerel, that ozone is an allotropic condi- 
tion of oxygen. 

Schisnbein, in 1858, discovered that if to diluted peroxide of hydrogen a 
few drops of solution of acetate of lead bo added, or that if ozonized oil of tur- 
pentine be shaken with the same lead salt, peroxide of lead is formed. 'I'he 
aame reaction takee place when ozonized oxygen acts upon basic acetate of lead. 
When the peroxide of lead thus formed remains in contact with the peroxide 
tX hydrogen, both are reduced; tho result being water, protoxide of lead, and 
oxygen. From this reaction, Schoenbein assumed that the oxygen in the perox- 
ides of hydrogen and of lead exists in an opposite condition of polarity, thus ; 

HOO and PbOO, uid that by the anion of these molecules of oxygen the ordi- 
nary hiactive oxygen resolts. Olaneins and De la Bive also imagined a slmi- 
Ur molecular coodition &r oxygen. 
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Sehoenbeia designated those bi>dies contaming negatively active oxygeOt 

(otO), oznideti such oro permanganic (UniOiOt)and chromic ftdd8(CriO]0]). 

and the peroxides of Bianganese, {Ma 0,0), silver, (Ag 0,0). and lead, (PbO/D). 

Be named antoztmida; peroxides of hydrogen, (HOO). barium, (BaOO). aod 

oil bodies which contain oxygen in a positively active ciwdition, (0), and titia 
form of oxygen he called antozone. 

This chemist succeeded in obtaining antozonc (0) by projecting finely pow- 
dered peroxide of borinm (BaOO) into cold monohydrated sulpbaric acid. A 
gas is evolved which both Hoazean and Schoenbein formerly Knppoaed to be 
ozone, but which has different properties. It bluea iodide of potassinm starch 
paper, and smells somewhat Hkc ozone; bnt when a^tated with a little water 
it loses its odor completely, and forms peroxide of hydrogen, which reaction 
ozone does not produce. A slip of filter-paper saturated with a mixture of 
dilute solution of ferricyanide of potassium and a perealt of iron is tpeedilg 
tamed blue in antozone gas, bnt in ozoue behaves as in atmospheric air. A 
very small portion of the gas evolved by this reaction in antozone. This is 
doe to the elevation of temperature, which transforms the antozone into ordi- 
nary oxygen. 

Another means of distingulahing ozone from antozone consists in a slip of 
paper imbued with solution of sulphate of protoxide of manganese, which 
speedily becomes brown in ozone, from the ronnation of peroxide of manga- 
nese. In antozone, not only dues this reaction not take place, but papen 
iromted by ozone are bleached by antozone. 

A distinguisliiug teat may also be found in the behavior of the two gases 
with permaganic acid, which antozone decolorizes and ozone browns. 

Dr. Q-. Meissner discovered that, if well dried electrified air be passed through 
water, (which may or may not contain air,} it forms, upon issuing into the at- 
mosphere, a moreor less dense cloud or mist. The same phenomenon takes place 
when electrified air issues into a moist atmosphere. 

This cloud is formed by the electrifying of either pnre oxygen or of air; but 
not by pure hydrogen, or nitrogen. It occurs, whether the gas contains ozone 
or not, but in the latter case to a less degree. 

By contact with drying snbstauces, as concentrated snlphnric acid, chloride 
of calcium, and even concentrated solutions of certain saftH, the mist may be 
caused to disappear ; but it forms again by the addition of aqueous vapor. 
The air left to itself graduallr loses this mist-producing property, and if the 
antozone cloud bo confined, the water is, after a while, precipitated upon the 
sides of the vessel, and can no more be produced by the action of vapor, unless 
the air be electrified again. 

OzAiiferous moist air retains its cloud-compelling property longer than that 
which does not contain ozone; and, on the other hand, dry ozonized air pre~ 
serves this property still longer. Meiasner satisfied himseli', by numerous ex- 
periments, that this phenomenon of mi at is due to antozone, and that electrified 
air contains both ozone and antozone, the former element being absorbed, and 
the latter not absorbable by iodide of potassium, or pyrogallic acid. He dis- 
covered, also, that antozone prepared by electricity is identical with that obtained 
by the decomposition of peroxide of barinm, as the former, when brought fresh 
aud dry in contact with water, generates a proportion of peroxide of hydrogen. 
Meissner regards peroxide of hydrogen as a chemical compound of antozone 
and water ; but cloud or mist as a physical a^regate of antozone and vapor 
of water, in which the chemical affinity of the two bodies is very much weak- 
cued. Von Bubo supposes the antozone cloud to be in moBt coses peroxide of 
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hydrogen, and that it may be formed by the actioa of ozone also ; its disap- 
peoraoce he explains by the gradual procipitatioo, or decompoBition of the 
pM»xide. 

Hetsener regards the formation of ozone and sntozoae poasible Bimultane- 
ously by the action of either positive or negative electricity npon ordinary 
oxygen ; but Von Babo believeB that only ozone is formed by the cnirent. The 
kitter chemiet found that ozonized air experienced no diminution of ozone upon 
its passage throngh a solntion of permanganic acid, bat that this took place 
immediately if the air came first in contact with substances capable of forming 
peroxide of hydrogen ; also, that ozonized oxygen, free from nitrogen, gen- 
erated with water neither clond nor peroxide of hydrogen. 

According to Meissner, antoaone is formed by all processeH of oxidation and 
combustion in oxygen ; and, since the ozone enters chiefiy, during combustion, 
into the oxide thus generated, that the result is principally antozone (or peroxide 
of hydrogen) in the free state. Antozone is, therefore, according to Meissner, 
the cause of the cloud in tobacco smoke, the smoke of chimneys, of gunpowder, 
fogfl, and aerial cloads. Meissner found that the fnmes of phosphoms in the 
Air are anfozont cloads, and not nitrate of ammonia, the greater portion of the 
ozone generated by the reaction being absorbed by the phosphoms. 

Meisener discovered that air saturated with moisture gives a cloud, npon sud- 
den rare&ction, until the barometric pressure is reduced to eight inches. This 
corresponds to an elevation of 37,000 feet. By the observations of K&mtz, the 
average altitude of the lightest and highest clouds, the cirrbi, is SO.OOO feet, 
and their greatest height 24,000 feet. 

According to Meissner, water condensed from air or oxygen has the form of 
veticie», while, when it is separated from other gases, the mobturo condenses 
in the form of rain or tolid drop*. 

A most curious occurrence of antozone presents itself in the flnor spar of 
Wolsendorf, in Bavaria. This mineral has a peculiar smell, due to antozone, 
which Scboenbein found in the proportion of jj/iyg of the weight of the spar, 
^ecatue-five grammes, wbcn rubbed with water, yielded 2.125 miUigrammeB of 
peroxide of Hydrogen. Since antozone is contained in powdor-emoke, it may 
be snrmieed that the copious rains which follow great battles are due, in a mea- 
sure, to this body, the decomposition of the cloud of antozone- water being either 
a cause or an effect of the electrical excitement in the atmosphere. 

Having prepared antozone from an antozonide, Scboenbein eonght to obtfun 
oxone from an ozonido, and selected permanganate of potassa for that purpose. 
Sertazzi had already (Ctmonto ii, 291) shown that by the action of ailnte 
Bolphnric acid, at a low temperature, upon this salt, a gas was generated which 
bad the properties of ozone. Scboenbein, upon a further investigation of the 
subject, found that peroxide of baritun projected into the olive-green solution of 
permanganate of potassa, and oil of vitriol, of 1.85 specific gravity, evolvea a gas 
irhich has the smell and chemical properties of ozone. It acts strongly npon 
the mucous membrane, polarizes platinum negatively with great power, and 
destroys oi^anic coloring matter and pyrogallic acid at the ordinary temperature. 
K. Bocttger, in calling attention to this experiment, states that he bad two 
years previously described the effect of oil of vitriol and permanganate of po- 
tasaa in prodndng a long-continued evolation of oxone. He considers the addi* 
tioo of peroxide of barium superfluous, and, for the development of ozone, 
adds two parts of dry powdered permanganate of potassa to tbreo of hydrate 
of eulphuric acid in a bottle. By this reaction a strong ozone smell is at once 
perceived, and all of the characters of the gas may be established by the proper 
reM^entfl. 

Scboenbein has determined that antozone has a density less than hydrogen, 
•nd that it liouefies at a pressure of 150 atmospheres. Ozone and antosonei 
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exposed to tho iazk niTB oi the Bpectnun. onite, witli esidodon, aad yidd 
orainary oxygen. 

Schoenbeia coasidcrs tliat olygea osdergoes chemical polariEBtion in tke 
body when respired, and acooonts thae for thu rapid chongce whieh take [dace 
in die tissues. He has fonnd peroxide of hydro^n in the nrine, and baa dia* 
covered that the blood ooiipnecutcs instantly decompose this compound, fie 
has ^ven the following test for the peroxide of hydrogen. To water, anpp oo ad 
to contain the peroxidei he adds one or two drops of a solntion of a salt of 
bismntb, nickel, cobalt, thallium, &C., ood then just enongh of potasia to j^b- 
cipitate the hydrated oxide of the me^. He then adds a little iodide of po- 
tassium and starch, and lastly one or two drops of acetic or dilate enlphiiiie 
acid. If the merest trace of peroxide of hydrogen be present, the liquid is 
instantly colored blue. 

The following is Schoenbein's method of determining qoantitatively the Ab- 
composition ot oxygen into oaone and aotoaone. Daring the Bk>w axidativQ 
of metals, according to this chemist, the oxygen is chemically polarised ; one 
of its atoms (ozone) unites with the metal or oxidiiable matt«r, while the other 
atom (antozone) combines with water to form peroxide of hydrogen. Schoeti' 
bciu agitates aa amalgam containing fire per cent, of lead, wtui very dilute 
aalpburic acid of known strength, in a largo bottle partially filled with air or 
oxygen. After a few moments of agitation, a quantity of ealpbate of lead is 
produced, and peroxide of hydrogen is foond in the acidulated water. He 
ascertains the oxygen which has combined with the lead, by determining the 
amount of uncombined acid, thus calculating the sulphate of lead formed, aad 
consequently its oxygen. He detennines the peroxide of hydrogen in another 
portion of the water by a standard solation of permanganate of polasso, and 
tiods the quantity of oxygen in this peroxide to be very nearly the sanie ai 
that contained in the oxide of lead. 

Different chemists have detenniued the diminutioii of vdnme experienoMl by 
air or oxygen during ozonizatioo. 

Andrews and Tait placed pare dry oxygen in a tube and dischai^ed cIm- 
tri-.ity through the gas. Witn still discharges a diminuttoQ took place, which 
WM at first rapid and then slow until a maximum was reached, yieldii^ a 
dLuinutiou equal to ^ of the original volume. When, now, a few sparks were 
passed through the gaa it expanded J of the former diminution, but did not 
attain its original volume. With rapid or spark discharges, oxygen experiences 
a uiminution of volume, although lees than by etill discbarges. Oxygen, con- 
tracted by the formation of ozone, when left to itself at the ordinary tempa»- 
tore, expends again gradually. At 100° Ceutigrade it expands more rapidly, 
and at 270° it regains its original volume and loses all of the ch&racteriHks of 
ozone. At this temperature, therefore, ozone is destroyed. Andrews aod 
Tait found that, by etill discharges, oxygen cannot lose more than ^ of its 
volume, unless the oEone be removed as ^t as it is generated, in which case 
the diminution may proceed indefinitely. They deterauaed 60 for the density 
of ozone compared with oxygen, which makes it six times lighter than lithimi. 
They were unable to condense it to a liquid at ordinary pressures by a freexii^ 
mixture of solid carbouic acid and ether. 

Ozone may be prepared for cxonutuition most readily by dropping, in bomII 
ijuantities, dry permangai>at£ of potasaa in a bottle contaiaii^ a little oilcf 
vitriol, or by placing a stick of phoephoms, scraped clean under water, in 
the bottom of a capacious vessel containing cnou^ lukewarm water to half 
sabmcrgo the phosphorus. In either of these cases a slip of iodide of potas- 
sium etarch'paper becomes instantly blue when immersed in the nir of tho ves- 
' 'leditft .... ... 



sel, and tho ditiercnt oaone reactions may be readily perceived by employing 
the appropriate teeU. The gas may also be investigotol wiifa the above stoidi- 
paper m the neighborhood of a point npcn the prime conductor of an elec- 
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trivJ machine, firam wbieb etiU dtAchBrgea an isHiiDg. It amy be obtuned hj 
the inductive carrent of tbe Ruhmkorff coil, or bj tbe dcctrolysii of water, 
vfiing a powurflil Baneca or Grore battery, asd employing ^Id or platina for 
the poaitive electrode, from wbicfa proceeds a earrent of oxygen, ladeD with 
none. The bydro^a gae, iEBoing from tbe negative electrode, poesesses no 
odor of osone, bnt thiA smol) is perceived when the two gaaes are collected 
together. The antoxone, formed here bj tbe polarisation of the oxygen, nnites 
with the water to peroxide of hydrogen. If the water tbaa eleetroUaed coa- 
tain Babetancea capable of onion with oxygen, as bTdrochloric. hydriodic acids, 
and their salts, also snlpborona acid, snlpboretted hydrogen, coal, iron filingSi 
Jm., or if the liquid or elevtrodee be heated, no oeone smell is perceived. 

There ie no procesB for obtaining pore and isolated oaone, although a con* 
Stant current of air Ixden with this gas may be procured for a certain time by 
tbe action of snlphnric acid npon permanganate of potaesa, or by passing 
Boist air through a tube containing pnre phosphoms, and washing the gae with 
water. The generation of oeone by the electric diachai^ is so bIow that Ban* 
mert, by passing 500,000 sparhs in an hour, obtained only enough of this gas 
to Uberate one milligramme of iodine from ita potassium salt. 

CircmnetonoeB infloenco tbe production of ozone by the electrical discharge. 
Under the eaate conditions, sparks of 25 millimetres in length generate twice 
a* much ooone as sparks of 4 to S millimetres long. 

Employing heimetically sealed tabes of -^^ millimetres diameter and 70 mil* 
limetrea long, f of the oxygen can be converted into ozone; but by continning 
the discharges tbe ozone diminishea, so that in 24 honrfl it eqnala only ^ of the 
origioal oxygen. 

By the electrolyaia of water, containing ^ of sulphuric acid, Baumert ob- 
tained only one millignunme of ozone in 150 litres of the mixed gases ; bnt 
when the water contained chromic acid instead of sulphuric, he fotmd tbe same 
quantity of ozone in 10 litres of the mixed gases. 

Ozone is generated by means of phospboms only in a moist air, eonttuning 
oxygen at a medium temperature. When tbe atmosphere is d»)rived gradually 
of its oxygen, by means of ignited oxide of copper, tbe production of ozone 
diminishes, and ceases entirely when there is no longer any oxygen present. 

Ozone is not formed in pare carbonic acid or hydrogen gasea. With 1 
Tolome of oxygen and 4 of carbonic acid, tbe fbrmatioa of ozone is easy. In 
■n explosive mixture of hydrogen and oxygen, the generation of ozone is pow- 
ertul; the phoapfaoros ehines vividly, and can aoqnire beat anfficient to kindle 
and explode the mixture of gases. In pure ozygm, at the ordinary pressure 
of the atmosphere, pbosphoraa, by tbe presence of water, does not produce 
oaooe until the temperature is raised from 7&Ji° to 86° Fahrenheit. At this 
temperature the phosphorus begina to emit light, and the illumination and 
ocone generation are powerfnl at 96.8° Fabrenb^t. 

Oxygen expanded to four timee its volume, by tbe air-pump, yields ozone, by 
{Aosphoma, at the ordinary temperature ; but at 32° Fahrenheit there is no 
productiMi of ozone. In dry air pboipborus generates ozone slowly, as the 
phosphorus soon becomes coated, which prevents tbe action of tbe air. There 
IB a connexion between tbe shiniog of pboepboms and its generation of osone, 
so that this prodaction exists in proporttiHi to the intensity of the illumination] 
but we are ignorant of the canse of this connexion. 

If we well wash air ozonized by phosphorus and place in it a piece of car- 
bonate of ammonia, so that tbe gas reacts alkaline, bjlA wash tbe gas again, it 
Mill gives all of the characteristic reactions of ozone. 

According to Scboenbein's expurimenta, 1,000 grammei of pboepboms are 
capable of converting 1,720 of oxygen into ozoue. By anotba tziol be gives 
0'43 gnunme as tbe yield of ozone by 1 gramme of phospboms. By banging 
lilver leaf io a vitriu eorboy filled with ozooized air, be oosld doozonise the 



172 ozom: add astozose. 

same id four hoorB; and. by i«pe&ting tbe process for eereral veeke, he wu 
able to prepare as mach as 30 grammes of tbe peroxide of eilrer. Osone 
results also from the slow oxidation of pure e^r, effected by the means of n 
platiaam spiral heated to redness and placed in the vapor of the ether. Accord- 
ing to ScDoenbein the combustion of hydrogen, carbide of hydrogen, and of 
kindred gases, prodnces ozone. 

The odor of ozone is so powerful that air containing only one millionth of it 
baa a decided emell of the gas. Ozonized air raised to the temperainre of 
482° to d72° Fahrenheit, is deprived instantly of this body. 

A very charactcrietic action of ozone consista in its polarizing effects npon 
the metals, particularly npon platinum, gold, and, to a less extent, copper. Ad 
ozoniferons atmosphere behaves like one containing chlorine or bromioe. If a 
slip of gold or plationm ie immersed in an ozone atmosphere, it acquires a n^a- 
live polarity in a few seconds. When snch a slip is imited with an ordinair 
one and the pair is plunged in acidulated water, a current is generated which 
acta powerfully upon the needle of the galvanometer. Antozone, also, polarizes 
platinum negatively, but lees so than ozone. 

lu the preparation of ozone by phosphorus, an odor chamcterised as "garfic" 
Is. first perceived. Gold or platinum, immersed in such air, ia polarized po*i- 
■ tivelj/, and this condition may remain for a considerable time if the tempcrx- 
ture be low. Presently, with a temperature of 53.6° to 60.8° Fahrenheit, the 
gas exchanges its " garlic" for an ozone smell ; and, at the same time, the metal, 
after quickly passing Volta's point of (ndiffcrence, acquires a negative polarity. 
The least moisture deposited upon the metal, also an elevated temperature, pre- 
vent, or, if present, destroy this polarization. It is also lost in the air grada- 
ally, and immediately in hydrogen gas, which even commnnicates a positive 
polarity. 

Ozone is absorbed neither by water, caustic unmonia, nor baryta, sulpharit 
acid, or dry chloride of calcium. 

Schoenbein attributes many of the reactions of oxidation by the " luueent 
Hate" of the gas to the presence of ozone. 

Dr. Phipson has given many of such examples of polarization explanatory 
of the "ttatut 7taiH.etU"\a a prize essay which is contained in the Smithsonian 
Report for 1862. 

A paper saturated with a solution of iodine is quickly bleached in an ozone 
atmosphere; the product, however, does not react acid, and in contact with 
oxidizable bodies, such as sulphurous acid, sulphide of hydrogen, phosphomB, 
hydriodic acid, metals like zinc and tin, or protoxides like those of tin or lead, 
the paper becomes brown again from iodine. 

Solutions of chlorine and bromine act in the same manner ; and it is tliis 
fact, together with the chemical analogies existing between ozone and the 
balides, which led Schocnbein to assign to ozone a similar nature. 

In the presence of strong bases, euch as hydrates of lime or potassa, the 
nitrogen of the air may be oxidized to nitre by the action of ozone.- Three 
thousand litres of ozonized air, agitated with mitk of lime, furnish 5 gramnias 
of saltpetre. Ozone liberates iodine from the iodide of potaesinm more frwJy 
in the sun than in the daylight; but when starch is present, the blue iodide rf 
starch IB bleached by the light. By renewed action of ozone it becomes blue 
again, and the bleaching and bining may be repeated until the iodide of potas- 
sinm is transformed completely into iodate of potasaa ; when ozone is no longer 
capable of producing the bine tinge. According to Baumert, the first ef^t 
of ozone upon this salt is the decomposition to caustic potassa and iodine, 
which react to form iodate of potassa and iodide of potassium. The usona 
Kts npon this iodide as before, until at length the balide is completely oxidiz«d 
to iodate of potassa. 
The «llow proesiate of potassa is converted quickly into the red pmenate 
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}ff osoBe. A crystal of the former salt placed in an ozone aUnoepherc be- 
comes gradually red, tlie color proceeding from the outside to the inside, and 
the solution of fcrrocyanide of potassium experiences this change very readily 
when agitated with uzone. 

The metals arsenic, antimony, iron, zinc, tin, lead, bismuth, silver, and mer- 
cury, are oxidized instantly by ozone, and deprive thereby any atmosphere con- 
taining that gas. 

The metals are not oxidized with equal facility. Thus arsenic !a oxidized 
mnch more readily than antimony, which affords an additional meon^of dis- 
tinguishing between these bodies in judicial inquiiies. An arsenic spot in a 
strong ozone atmosphere is converted instantly to arsenic acid, while an anti- 
mony mirror requires several days for its disappearance. Dry mercory, or that 
covered with water, does not absorb ozone ; if the metal be merely moietened, 
it takes up ozone readily, becoming yellowish upon the surface. 

Silver, in the state of leaf or sponge, absorbs ozone quickly, as has been 
stated already. This metal may be employed for separatmg ozone from ordi- 
nary oxygen. 

The more readily oxidized metals, as protoxides of manganese, iron, tin, lie., 
we well as those which, like protoxides of silver and lead, are not so easily 
changed to a higher state of oxidation, arc peroxidized 1^ ozone. 

A solution of the sulphate of the protoxide of mangaaeBe is browned in- 
stantly in ozone from the above cause, and, according to Schoenbeiu, this reac- 
tion is perceptible in a dilute solution of sulphate of zinc, which contains ns 
an impurity only j^f of manganese. If hydrated oxide of lead be spread 
upon paper, or if basic acetate of lead be employed, ozone will communicate 
to the paper first a yellow, then a red, and finally a brown coloration from the 
peroxidation. 

If the lead paper be blackened by means of sulphide of hydrogen, it may 
he bleached in ozone, which Is due to the production of the white sulphate of 
lead. 

Organic bodies are very readily oxidixed in ozone, as shown by the experi- 
ments of Schoenhein, Eanmert, tiorup von Besanez, &c. Thus wood, straw, 
cork, starch, humua, vegetable colors, caoutchouc — pure and vulcanized — the 
fats and fatty acids, alcohol, albumen, blood, &c., have been found to be all 
flctcd upon by this agent. Ozone bleaches litmus without first reddening it. 
Certain fungi become blue in the air, and the cut sur&co of an apple becomes 
btowD by the action of ozone. 

Gum guiacum, which becomes gradually blue in the air, owes this change to 
oeoDC, as was first shown by Schoenhein, who employed this substance as a 
reagent for ozone. To prepare guiacum papers, one part of the cum is dis- 
solved in thirty parts ot 90 per cent, alcohol. One gramme of ordinary alco- 
Itol is charged with a few drops of this solution, and the piper slips are dipped 
therein and dried. The papers are blued rapidly in an ozone atmosphere. 
They lose this color when exposed to the air, but regain it in ozone, and the 
process may be repeated until the guiacum is fully oxidized. Certain metuis 
luid other bodies, especially nitrous acid, cbloriue, bromine, peroxides of man- 
fiacese, and lead, Itc, will blue guiacum tincture. 

The foilowmg is Schoenbein's method of determining ozune qnantilatively 
in a mixture from its bleaching effect upon the solution of indigo : The ordi- 
nary solution is dilated with sufficient water to be jnst opaqne blue. One hun- 
dred grammes of this solution receive an equal weight of hydrochloric acid, 
and are then boiled. The heated liquid is treated with a solution containing 
^^ of chlorate of pottissa until the blue color is exchanged for a brownish 
jellow. If, now, for the destniction of the 100 grammes of indigo solution, 
100 milligrammeB of chlorHte of potaesa (whi<^ contain 39 nulligrai 
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part of the ftbove Dormal Bolution may be farther dilnted with 9 parte of water 
to yield ^ nonnal teat, in which 10 grammes will indicate -^ milligrammes of 
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of oxygen) were employed, then 1 mtUigramme of oxygen woold destroy 
J,'U>^2.fi64 grammeB of indigo eolation. Now, to this liiBt quantity of the 
oneinal indigo eotution, containing hydrochloric aud, enoagh wat«r roost be 
added to dilute it lo 10 grammes,* in order to obtain a normal solution of 
which 10 grammes will represent 1 milligramme of ozTgea or ozone. One 
" ■ • , . . ,..,.. y.^^.jj' ~ . - . 

-j^ normal test, in which 10 grammes will ind 
oxoiie. 

Tbo^tuialyBis ie performed as fbltowB. for example, npou a bottle of air 
OBOtiized by phosphoras : A little of the normal indigo eolation ie agitated 
with the air in the bottle for a few minntes, and the air is then teeted for ozone 
by iodide of potaaetam etarch, and the proceee is repeated until no osoue is 
indicated even by a slightly elevated temperature. Then, for every 10 
grammes of the normal indigo solution employed, 1 milligramme of ozone ts 
present, and for every 10 grammes of the ^ normal solution, il); of a milli- 
grammo of ozone hae been found. 

Schoenbein diecovered the remarkable bleaching properties upon indigo and 
other plant colore of certain bodiee which appear to absorb ozone, without 
combining with it, and thne are in a position to yield the ozone again to other 
substaucee. These bodies have been called " ozone earriert." They are oil 
of turpentine, linseed oil, oil of lemone, tartaric and citric acids, ether, plati- 
num sponge and black, powder of silver, gold, and platinnm, also metallic mer- 
cury. Tbeee snbetancee, shaken with eolutionB of indigo, litmas,cochcnilIe, &c., 
discharge the color; with tincture of guiacum they yield a blue tinge, and give 
the same color with iodide of potaBsiam starch. One of the most remarkable 
of the ozone carriers ie the olood corpascnle. Ozonized oil of turpentine, 
shaken with indigo eolution, bleackee it after a while, but if blood corpaacules 
are added, die decoloration is instantoneone. Platinum black ia aleo very active 
in ite bleachinK effecta. 

One of the beet known ozone carriers ie the oil of turpentine. If a bottle 
be ^ filled with this body, exposed to the sua, and frequently shaken with air, 
removing the stopper from time to time to renew the air, the oil ie speedily laden 
with ozone. After a time the oxidizing or bleaching effect of this oil is lost, 
probably from ite ozone entering into combination with it. Its bleaching 
effect may bo ascertained quantitatively by means of a eolation of indigo. 
SehoenbeiQ prepared an oil of which 1 gramme poeBeeeed the same bleaching 
power ae 2 grammes of the best bleaching powder, (hypochlorite of lime!) 
The ozonized oil bleachea most rapidly when warm, but ite absolute decolor- 
izing power is then lees. All tnroeutinc kept with accces of air becomes 
ozonized, as may be seen from the bleached and corroded corks employed in 
cloHiDg the veeeele containing it. Upon the animal oi^aniem ozonized oil of 
turpentine acts more energetically than oil not ozonized. According to Seits, 
6 drops of ozonized oil throws into convalBions and kills a frog and destroys 
other email animals, white 30 dn^ of the pure oil produce no such effect 
Not long since a statement prevailed that the disease called painter's colic is 
dne, not to the lead absorbed, but to the oil of turpentine. If this be so. iht 
ozonization of the torpentine may be the active agent for mischief, although 
the lead may also be hnrtfnt. 

The existence of ozone iu the atmoephero has been known since the discovery, 
of the body ; but the conditions which govern its presence, ae well ae the actual 
quantity of the gas, are yet undetermined. This arises firam the email amount of 
ozone in the air, irom the readmeee wHfa which this active oxidant is destroyed" 
by the presence of bodiee upon which it may act, and aleo for the want of a >«- 

■ Hence, hi tUa cam, 10— 2.564 =7. 4W water wUl be netded. 

Uigirz^dbyGoO^IC 
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liable qoaatiUtiTe te§t. The largeat proportion with vhieh the air has been 
artlScially loaded with thJB anbstaace amoaots to y^s^ "^ ^^ Tolnms. 

OzoDB may be determined qtiantitativoly by asoertaiaing th« amonnt of 
iodine liberated from iodide of potaeeium; by determining the quantity of pe- 
roxide of ailvor which it produces; or by finding the proportion of indigo eola- 
tion which it decolorizes. Bnt this kind of teat haa never been applied to a 
jfreat extent in determining the atmospheric ozone iu long eeriefl of observa- 
tiona, owing to the difficulty and labor of applying it. 

A large votumo of air brought slowly to act upon a small proportioQ of the 
reagent is necessary for this purpose. In aspirating twenty-fonr litres of external 
air dnring a period of two and a half hours, concentrating its action upon a 
circle j^ of an inch in diameter on a delicate iodide of potaestnm starch paper, 
I was onable to detect tho slightest ozone reaction, although a slip of similar 
paper exposed all day to the ^ee atmoephero was colored sensibly. 

The ordinary mode of observing ozone in the atmosphere consists in aac^ 
taining the amonnt of color produced opon paper containing iodide of potaa- 
Btnm and starch, asfng precautions against the bleaching effect of the light 
upon the iodide of starch developed by the ozone. A scale of shades of colot 
is employed for determining, by comparison, the proportion of the gas in qoen- 
tion present in the atmosphere. Bochm fonnd that this test, prepared from 
the sasie recipe by different persons, gave varied results. According to Osann's 
fonnnla, thir^-two grains of starch are rubbed in a mortar, vim the same 
quantity of cold water ; three grains of iodide of potassium are then dbsolved in 
four ounces of boiling water, and the solution is added to the starch and well 
incorporated with it After boiling oac« more, the test is cooled and ^aoed in 
m bottle for nse. Whoa reagent paper is required, slips of Swedish filtering 
paper are shaken up with the starch liquid, aad then dried. This paper is in- 
stantly colored of a deep shade of blue when exposed to the ozonised air of a 
bottle containing phosphorus and a little water. Exposed during the night to 
the atmosphere, the coloration by ozone is very decided. 

Iu the ordinary atmospheric ozone observations the velocity of the ur-eur- 
rent which traverses the reagent paper inflaences the resolt by briD^ng a greater 

Sroportion of OKOue upon the test in a given time. The determinations which 
ave been hitherto made are very vague, unsatiafiictory, and yield but rude 
comparative results as to the subject in question. 

Notwithstanding this difficulty, theories have not been wanting as to the in- 
fluence of ozone upon the health. The otidizing action of ozone upon oi^nic 
BVbstances as shown by Gomp von Besanet, the phenomena of ozone carriers, 
each as oil of turpentine, platinum sponge, and the Uood carj?MtmIe$, have 
facilitated the formation c^ such theories. 

Dr. Smallwood, in a long series of observations upon the atmosphere of Can- 
ttda. during the prevalence of the cholera and at other times, favored the in- 
ference of a defidency of osone dnring the epidemic. 

JDr. Moflatt concluded, from a large nnmbor of observations in England, dat 
the ozone in the atmosphere plays an importaot part in controlling or prevent- 
ing epidemics, which it effects by removing the infections matter from the air. 
I>iiring the prevalence of the cholera at Newcastle, in 1853, this gas was at 
iu minimum. From August 24 to September 11, 1854, when the disease was 
St its height ia London, oaone was observed only once, and then in but small 
^santity. On tiie 10th September a soath wind prevailed, by which the ozone 
wss found to increase, and the cholera cases diminished. During the Grimeoa 
mr the so^eons of the fVeach army established the following facts : 

1. In proportion as the ozonoscopic p^ers were more colored in the «ir, Un 
■Mire numerous were the sick taken to each of the hospitals. 

£. Whsn the temperatnie was higher, there ware fewer sick aad inwtt deaths. 
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3. At the three obeerrat^meB the cnrres designating the propOTtion of oscne 
were eseentuUy the name. 

4. The cnrres for temperature were bIbo identicaL 

5. At observatory No. 1 the quantity of ozone was htvertdy proportioiiil 
to the nnmber of deaths, while in obserratory No. 3 this proportion was a 
dired one. 

Bincan detected ozone but seldom ia the air of Lyons, dthongh he ohnervcd 
it always in the air of the neighboring country. Ue attribntes the deficiency m 
the city to the action of organic matter in tbe air. 

Plesa and Pierre discovered O.OS millcgnunme of ozone in 855 litres of at- 
mospheric air. 

Zeoger fbund in twelve experiments from 0.002 to 0.01 milligramme of thb 
body in 100 litres of air. 

K. Augns Smith ascertained that the air nf Mancheetcr did not react with 
ozonoscopic paper, nor was there any reaction in the country when the air had 
first traversed tbe city; which he attributes to tbe abeorption of ozone by ibc 
products of combastion, (antozone 1) arising from the lai^ amount of coal burned 
m the city. 

C. KoBoutnn aecertuned that in Straebni^, and at a short distance from tbe 
city, there was more ozone in the air of tbe country than in that of the city. 
la the city, the ozone maximum occurred in the daytime ; in tbe constrj'. at 
night. He found also, by the action upon Schoenbein's test paper, that the 
green portions of all plants exhale ozone. 

Mr. Carey Lea diecovered that tbe growth of plants is retarded in an atmo- 
sphere stronely impregnated with ozone. 

A. Poey found that in tbe city of Havana the ozone reaction diminished 
with the elevation, while iu tbe country the reverse was observed. He also 
discovered that the moisture of the atmosphere influenced tbe amount of ozone. 

I asccrtuned that the air of tbe public groiuids iu Washington yielded, at 
night, abundant evidence of ozone, while the atmosphere of the streets of th« 
city, observed at the same time, indicated an absence of this ga?. 

l>r. W. B. Rogers found that the air passing over Boston was deprived of 
its ozone by the emanations from the city. 

M. Hozeau, of Uouen, inferred, from a scries of observations which extended 
over four years, that the atmospheric ozone is least iu February, Ixtgins to in- 
crease in March, aud reaches itd maximum iu May and June, after which muniL 
it diminishes to its minimum in FebruAry. 

J. Boehm has given the results of four years of regular observations of ozone, 
made in the city and environs of Prague. His ozonoscopic paper was obsi-rvKl 
aud changed at 7 a. m. and 7 p. m., the proportion of ozone being determlntd 
by the depth of shade of the color prodnccd. He found that the ozone bean 
no relation to tbe relative humidity, rain or thunder storms, clouds, &C., but ii 
intimately connected with tbe force and direction of tbe wind, which was gen- 
erally from the west wheu the phenomenon of color was observed. The reawD 
of this fact is the relative position of the observatory to tbe city of Prague, ss 
that all easterly winds passed over a thickly-settled portion of the town, by tha 
emanations of which they were deprived of their ozone. 

In the country and suburbs, Boehm found ozone constantly present. With- 
out expressing a decided opinion upon tbe relation of ozone to health, this 
fihysicist calls attention to the fact that in Koenigstadt, a place not particu- 
arly noted for its salubrity, be obtained as decided reactions of ozone as npou 
the healthiest mountain, and that the coloration of the test paper is more de- 
cided in Vienna, a city noted tor ite lung and typhoid fevers, than in Pra^e, 
which is ranked justly with tbe healthiest towns. 

From what is knowu at present respecting "antozone." it would seem tbat 
this body plays an important part in depriving the atmosphere of orone. 
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In judging &om tbe reaction upon iodide of potassium etarcb paper, osono ia 
always in tbe free atmosphere in variable, but small, quantity. Such test pa- 
pers are not blued when closed in a bottle, and scarcely bo, if at all, in a room. 
By exposure to the external atmosphere the effect upon them is extremely va- 
riable. Sometimes in cities it is imperceptible. According to Osaun, tbe color- 
ation is ^ater by night than by day, and is more decided towards sunrise, at 
the time when the atmospheric moisture is precipitated. It is greater in winter 
than in summer, stronger with clouded than with clear sky, and is especially 
powerful with snow clouds. Every flake of snow falling upon the test pnper 
produces a blue stain. By atmospheric electrical discharges ozone ia, aa might 
be expected, very prevalent. Schoeubein calls attention to the fact that the 
odor in tbe neighborhood of places struck by lightning is exactly that of osonu. 

The whole subject of ozone, whether in its physical or physiological rela- 
tions, is intensely interesting, and promises, when understood, to be the means 
of solving many problems in tbe sciences now so difficult to bo comprehended. 
Ko field of research appears to promise aa rich a harvest to the slulled and 
patient observer. 
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VEGETATION AND THE ATMOSPHERE. 



Pbbso.ns who are not devoted to the phy eical sciencea will, periiapa, pardtn 
me if i take the liberty of recalling to tnem that the air in the midiit of which 
animals and plants live ia a mixture of two very different gases. The onei 
almost inert and without appreciable influence in the phenomena of nature, is 
called azote ; the other, on tlie contrary, poBeeHBes the most active properties 
and performs the moat important part in the Bopport of life on the globe ; this 
is oxygen. Among other properties it poeseBees that of uniting with carbon 
or charcoal, and while tim union, or, to apply the scientific term, this combi- 
nation is taking place a coueiderable quantity of heat and light iS disetigaged. 
The carbon is said to bum, and it was thought at first, wiuout reUection, to 
be annihilated ; it is, however, merely transformed into a gas which mioglea 
with the atmosphere, from which the chemist can recover not only all the car- 
bon which has been burned, but all the oxygen which united with it. In order 
to recall to the memory the origiu and composition of this compound gaa it 
hus received the name of carbouic acid. 

Wood, which is essentially composed of carbon and water, bums in the same 
manner aa carbon, expelling the water in the form of vapor and transibrmiog 
the carbon, by its union with the oxygen of the air, into carbonic acid. Fniit. 
herbs, bread, and all our aliments, having a chemical composition analogous to 
that of wood, may, like it, be burned in a furnace, and Lavoisier has taught ds 
that the substance of these aliments undei^ a real but slow combustion in the 
respiratory system of the animals which eat tbem. Eveir animal is therefbra 
a furnace, every aliment a combustible ; the oxygen of the air b absorbed in 
respiration, b replaced by carbonic acid, and the water ejected by the itatural 
ontlets or by exhalation. 

Since carbouic acid b necessarily produced by aniinal life it mtist form an 
integral part of our atmosphere. Chemists, in effect, detect it there, but iA the 
minute proportion of tbor or five ports of the acid in ten tbonsand of air. It is 
a gu which can neither support lite nor combustion, since it b, on the contrary, 
the product of these processes. Hence all animals confined under glass bells, 
filled with air, rapidly exhaust the oxygen, replace it by carbonic acid, and 
soon die, not from a poisonous effect of the gas, but from a want of respiratory 
■ustenance. 

Having recalled these facts, I shall describe n celebrated experiment which 
vegetables themselves are continually performing in onr midst without our 
liuviiig cODScionsuees of it, though it b accomplished on an immense scale, and 
may be Justly considered one of the most essential phenomena of the world; 
Hu experiment, moreover, so simple that any one may repeat it at pleasure. Id 
order lo success, it is necessary to take a healthy and fresh branch, in full 
iiiltage, of one of those aquatic plants which grow immersed iu ponds or rivers ; 
intiHjduce it into a glass jar, whicb is then filled with spring water, or, still 
Ituttiir, with what is called mineral water, which contains, as we know, a largo 
jKtiportiou of free carbonic acid ; having dosed the month of the jar wbta 
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foil, we icvert it in a basin filled with water ; if we then open the month the 
water will retain its elev^ation and continue to fill the inyerted jar. The appa- 
ratus being thus arranged is to be carried to an open place where it can receive 
the direct rajs of the sun. Ab soon aa the light etrikea the leaves of the im- 
mersed plant we see them become covered with a multitude of bubbles, which " 
rapidly enlarge, unite and riae to the upper part of the jar, where they accu- 
mulate. Whenever the light ij intercepted by the intervention of an opaque 
ticrcen the disengagement of bubbles slops, and we can, at will, and even at a 
distance, by alternately intercepting the light and pennittmg it to strike the 
leaves, arrest or restore the production of tne bubbles. At the end of, some 
faoars of continuous action the jar will bo filled with gas, which resembles in 
ordinary appearance atmospheric air, but has not its properties, for if we intro- 
duce suddenly into the interior of the jar a small taper which has just been 
extinguished, but which still retains at the extremity of its wick a few glowing 
points, it again instantly kindles and continues to bum with unwonted brilliancy. 
The gas is not air, but oxygen. In this form and with aquatic plants the 
experiment b striking, because the production of the gas in this case is rapid, 
ana we assist, as it were, at the birth of the oxygen. We can produce the 
same effect, perhaps teas rapidly, with all planta ; and in order not to change 
their ordinary condition we may expose them to the sun, under glass bells, pre- 
viously filled with carbonic acid ; after the lapse of a day the carbonic acid gaa 
will have disappeared and its place be supplied with nearly pure oxygen. 
Whatever may be the plant, or whatever be the experimental process employed, 
the action remains always the some. The explanation of the fact is easy. The 
green part of the vegetable decomposes the carbonic acid, extracts the carbon, 
which it appropriates to itself, and abandons tha oxygen to the atmosphere. 
Id the dark, and during the night, the part performed is changed ; then, in- 
stead of abeorbing carbonic acid, the plant gives it off; but tho nocturnal re- 
action being inferior to that of the day, the plant performs a part on the whole 
which is opposite to that of the animal— 4t absorbs the carbonic acid which the 
latter exhales, and returns to the atmosphere the oxygen which the animal 



Seeing the experiment so clearly, and its explanation so simple, it is difficult 
to conceive that they were not seen at the first glance. We find it difficult to 
believe that this was not the caee ; but every great discovery is made at a cost 
to humanity. At the beginning all is obscurity and perplexity, and it is ouly 
after long research and after much hesitation that we settle upon a few scat- 
tered truths, and when a clear and steady light illuminates all tho previous 
obscurity it is only oflcr tho labors of several gcaerations are collected and the 
efforts of a succession of men of genius have been devoted to the object. The 
history of great discovery is not without interest, and I purpose in the follow- 
ing pages to retrace the several steps which have led to the establishment of 
tho relations which exLtt between plants and the atmosphere, including in the 
sketch some of the results of the more recent investigations. 



Charles Bonnet, a Genevese physician, was the first who experimentally un- 
dertook, about tho middle of the eighteenth century, the problem which occupies 
US. It was (he perusal of a once celebrated work. The Spectacle of Nature, 
which had decided his vocation. Uis attention was first directed to the subject 
of spontaneous generation, a question agitated even at that period, aod the inter- 
est of which has but augmented with the progress of time. He relinquished this 
subject to consider another whose futility he did not perhaps altogether antici- 
pate; it was tho inquiry, Of what use are leaves) and ho mode two experiments 
which have acqiiirea a certain classic character, hy the first, ho proved that 

oogic 



180 TECETATIOX ISD THE ATMOePHEBE. 

li;^t exerts orer tbe g reen portions of rpv^tables to etnmg ta attraetioa tbst, 
if pUM.-d ID the dark, tbej direct itmnaelT'es towards tbe smallest openiugs 
wLIch onTcy it to tticm. Tbe aecood eboved tbat when plnnged in water, 

Elantji dt:eDg^:e ioRmtigbt a larveqiuniitT of air; bnt there Bonnet stopped : 
K knew not what that air wa<>. nor conld Ete koow it, nnce at that epocD the 
firrit principled of modem chemiftrj were kitown to aone. 

PnestlcF, who waa tbe rival aod in some r^pects the predeceaeor of LaToi- 
■ier, was led by the rc^alia of bis di^coreries to Btady tbe action of plants on 
tbe atmo^pbere. He bad jn^t saccecded in iMiating tbe remarkable gas which 
eoer^ically supports the combustion of a lamp anil the respiration of animals, 
and bad for thic rea.ion called it rital air. Uc had ascertained, moreover, that 
email animals confined in this air or in atmospberic air soon cbaoged ite proper- 
ties to each an extent that tbe animals died and the flame was extinguidhed. 
It is tmc, Priesllej' did not knnw the real natnie of oxy^n, and tbroagh a blind 
feeling of rivalry refused to the aid to adopt the theory of respiration jodt aa- 
nounccd by I^Toister ; bat he knew, nerertbetes^ bow to deduce from hi^expert- 
ment« a logical coneeqnence which was of the greatest importance. Peroeiving 
tbat these little animals vitiated the confined air by ibeir exhalations, be com- 
prehended tbat all the individoals of the animal kingdom produce the same ef- 
fect continually on the entire atmosphere, and that they mnst infallibly die, if 
there were not in tbe action of natuial forces some inverse action couBtantly 
tending to restore to the air ita purity, in proportion as this was destroyed by 
animal respiration. He proceeded to seek for this counterpoise, this r^eaera- 
tive action, aod be foond it in vegetables. 

He placed in the air confined under a glass bell an animal and a plant The 
former cormptcd the air and died ; but after tbe lapse of a certain time, Priest- 
ley discovered that tbe latter had restored to the air tbe vital property or the 
puity necessary to support life. This was one of tbe most important tKtB of 
the mechanirim of our world. From this UMiment, it was known, though not 
yet in its details, that vegetables and animals execute antagonistic fuuctions, 
these rendering the air nnfit for the support of life, those repairing tbe miacfai^. 
The Koyal Society of London conferred on Prieatley, in 1773, tbe Copley 
medal, and in presenting it, the president of that celebrated company tbiu 
characterized the discovery of Prieatley : 

" Plant* do not |^w in tuu ; eaili individual in the vegetable kingdom, from tbe o*k of 
tbe forest to the groan of the field, is nsefol to the heman ravo. All ploiitB contribute to 
~ ir almoflpliere in thedcgree of poiiij neccBsorj toanimal lir«. Tbe forests, even. 



of the most remote coantnes coDtriboIe to oar preservation, while deriving nonrishmeDt boot 
the eihaiatioDs of our l>odiee which have become ii^ariooi to oniselves." 

This glory of Priestley, however, was to be overclouded. After Buch succese- 
ful labors, such grand and comprebeneivo views, such rewards and public honors, 
Priestley desired to repeat bis former expcrimeutB, and obtained wholly oppo- 
site rCBults ; plants, instead of purifying the air, now appeared to him to poUnle 
it. Surprisca at this inexpUcabls contradiction between the past and the pres- 
ent, be multiplied and varied his experiments, and all that he could snbdtan- 
tiate was, that vegetables posBcss the property at one time of purifying, (U 
another of vitiating the air. The law which had won for him the Copley medal 
was therefore not general, and the consequences he had drawn from it not in- 
contestable. A refugee in America, aflcr a life agitated by religious discuseions, 
Priestley died in 1804, having made in chemistry brilliant discoveries which he 
did not comprehend, and in vegetable physiology contradictory experiments 
which he was not able to reconcile. 

Yet Priestley was deceived in nothing ; plants do in (act alternately perform 
the two functions which he liad assigned to ihem, and tbe only thing whii-h be 
bad not diBCOvered wns the condition which determines, frequently Uie recton- 
tive, occasionally the deleterious action, a condition which Boimot b&d caugjit 
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Eight of, aad which lagcnhonsz waa eooa to place in open A&y. IngenhouBz was 
bom at Breda, in 1730 ; ho was a physician, and came to England to observe 
the process of inoculation for the Hnmll-pox, which was then beginning to be 
practiced. It was during this visit that he became acquainted with the labors 
of Priestley, and resolved to explain their contradictions ; this he succeeded in 
doing in 1779, and he has himself recorded his discovery in these words s 

"Scarce!}' bad I entered QpOD these rcnearches, when the most interesting views preseoled 
them«elve«, I observed that plants not onlj possess the facullj of coirecting impure air in 
■ix or more dajs, as the eipenmouta of H. Priealley seem to indicate, but that thef accom- 
plish this ioiportant office, in (he looit vnmpleta mauner, in the course of a few boim : that 
this BQiprisiDg operation is bf no means owing to Tegetatian, but to tlie inSueiice of the 
light of the sun upon the plants ; that it cummcDces on[j after the sun has for some time 
riaen aboTO the horizon, and dint it Is completely suspended during the darkness of the 
ni^tj that plants shaded bj tail buildings, or by other iilants, do not perform this function — 
that is, Itey do not purify the air, but, on the contrary, exhale a dolGt«rious air, and diffuse a 
real poison thron^^h the atmospiiei'e which sunouods us ; that the production of healthy air 
fTDWs lauguid towards the close of day, and eutiiely ceases at sunset ; that all plants cor- 
rupt the luabiout atmosphtre duriug the night ; tliat a!) parts of the plant are not engaged in 
putifyicg the air, but only the teavee sad green branchea ; that bitter, iU-smeliing, and even 
poisonous plants perform this office equally with those which diffose tlie sweetest scents and 
ore most salntary, Ac." ' 

Ingenhousz bad thus succeeded in diecovering the force which occasions the 
respiration of plants. That force which had not before been suspected is from 
the sun, is lig/U. It diffuses itself over the leaves, which absorb it, and fulfils 
the vast work of regenerating the atmosphere. Thus far the moat important, 
as also the most diSicult part of the task was achieved ; but there remained 
yet quite as much to be done. Tbe sciences resemble the sieve of the Dannldes ; 
each one tries to fill it; no one succeeds, because every discovery discloses a 
new horizon and presents a more remote goal which is never attained. After 
Ingenhousz, it still remained to be asked in what cousbted that alteration of the 
air which animals occasion, and the remedy which vegetables supply. It he- 
Jonged to chemistry to answer, and Lavoisier, though not specially operating 
witli that view, furnished the solution of this new problem. lie furnished it on 
that day when he showed that animals absorb oxygon, bum slowly the organic 
materials with which they ate nourished and return by expiration a quantity 
of carbonic acid conttuning all the carbon which they have consumed. The 
vitiated or corrupted air, as Priestley and Ingeohonaz called it, was consequently 
air deprived of oxygen and charged with carbonic acid, and, since plants purify 
it, this clearly indicates that they decompose that carbonic acid, retaining the 
carbon and restoring the oxygen to the atmosphere. 

Uonsidenng the then existing state of chemistry, it might be thought that 
every one wotild have divined and proclaimed this explanation. It was not so, 
however, and new experiments were needed to discover it. It was a Geuevese 
who bad commenced this long train ofTdeductions, and It was another Genevese 
who had the honor of completing it. His name was Sennebier; he had been 
the friend of Charles Bonnet, and to his example owed pnjanit of the sciences 
as well as the councils which determined him to the study of the relations of 
plants and the air. H4 ascertained that vegetables placed in boiled water die- 
engage no gas in the sun, but that they develop oxygen in abundance when 
the water has been previously charged with carbonic acid. He thence con- 
cluded that this gas is necessary to the reapiration of plants, that it is decom- 
posed by them, and thus had the honor of announcing the law already prepared 
and discovered by his predecessors. The question might have now been justly . 
considered as solved; batdarmgtheselabora, which had occupied more than half 
« centnry, many errors hod become mingled wiih the truths obtained, and con- 
tradictory assertions threw doiibt upon different points of detail. A review of 



* Eiftritrnta or la Vtgtlain, par. 1, Ingenhonu, 1190. 



byGoo^le 



182 TEGETATION ASD THE ATU08PHBRE. 

all these phenomeDa was Deceeaary ; it was Thomas de Sanwnre wbo under- 
took to Bupplj thi», aod who, without adding aaj capital fact to the cluster of 
proriouB obdervationa, saccceded in giving them an experimental confirmation 
which has not since been contested. After these celebrated experiments, there 
was a long period of rest. Phyeiciets and naturalists eeem to have considered 
the question as cxhansted, and transferred their inquiries Ut subjects which 
they thought more fertile. Nevertheless, the more recent labors of MK. Da-u.- 
beuy. Draper, Clo£s, and Graliotet, itnd above all of U. Boussingault, hare suc- 
cessively intervened to raise difficulties which to this Any remain in suspense ; 
but I prefer to leave out of view whatever does not poaseas the interest of the 
gcueriu theory, and shall speak neither of the azote which vegetables seem al- 
waya Ut disengage at the same time with oxygen, nor of certain deleterious 
gases, such as the oxide of carbon and carbonated hydrogen, which ii. Boosain- 
gault has recently detected among the products of their exhalationa ; nor, lastly, 
of the attempts made without much success to appreciate the apecial iu6uence 
of the different solar rays. What 1 wish to show ia, that after the firet invcdtt- 
gations above reconuKKl, we find onreeives confronted by a aecond class, far 
more eilenaive and complex, with which it ia now neceasary to deal. It is 
neeeaaary to inquire what becomea of the carbon which remaiua in vcgctAblcs 
after the decompositton of carbonic acid. 

II. 

While the atmosphere furnishes carbon to the leaves, the boughs bring them 
water, which has been drawn from the soil, and it is natural to think that these 
two bodies, in meeting, pass mutually into combination ; they, in effect, do 
combine and in very variable proportions ; we will cite some examples : if 12 
molecules of carbon unite with 20 molecules of water they are enabled to fonn 
either cellulose, which constilutes at once the vesaels and entire skeleton of 
the nlant, or fccula, which ia known by everybody, or lastly dextrine, which 
is soluble and of which sirupa are sometimes made ; but, according to circum- 
stances and the organs, the proportion of the two bodies may change, and with 
it the chemical products which take place. Thus 12 molecules of carbon com- 
bined with 14 molecules of water constitute glucose, or the sugar contained in 
ripe grapes ; and if from this glucose wo retrench two molecules of water, it 
is the sugar of the cane or the beet which would be formed. In fine, by pro- 
ccBsca wliich are unknown to us, water and carbon meeting in the leaves com- 
bine chemically, and produce an inliiute number of compounds, differing ac- 
cording to the place, the organs, the nature, the age and the external conditions 
of the vegetable. 

Uvsides the substances just spoken of, and which are compounds of carbon 
and water, plants give rise to still auothq| class of substances which are char- 
acterized W an excess of hydrogen. These are the gtuua, oils, wax, balsams, 
essences, ex. Whence comes this hydrogen ) They form also substances 
in which a foorth element, aaotc, makes its appearance. Does this come from 
the atmosphere 1 is it derived from the humus t These are qnestions whii^h 
directly concern agriculture and for which it must cousnit chemistry, li. 
Uoossingault is he who has treated of rhero first and best, and he had been 
placed in the ino«t lavorable circumstances for doing so, being at the same time 
■t the head of a great ogricnltund cuterprii^e, aud habituated to the most doii- 
cale procedotm of chemical analysis. The method he employs is proper to 
biatK-lf; it is sufficiently general aud de.'dble to adapt ilxli to the demands of 
■U special caitea. It coa8ii<tii aa follows : In a soil, previously analyzed is sown 
a smidl number of grains whose rbemical composition has been determined, 
utd pore water is applied. Thi^ Wt dir^ppcars almost wholly by cvaporatiou, 
and » small portion only bec«imM fixed. The plant grows, kjuos in weigbt. 
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because it drowa nonriBhment from the air, and aleo becanse it seeks some iu 
the Eoil. At the ead of a certain period of vegotation it is gathered, and theu 
we oscertiuu hy new chemical amdyBeB, first, how much carbon, oxygen, hy- 
drogen, and azote it has gained; secondly, how much of those snbetances tue 
soil has Inst — that is, how mnch it has given up to the plant. The difference 
is dae either to the air or to the water. That settles tlte occoont, and event- 
ually the halaace of profits and losses. 

The application of this niethod, as rigorous in its conception as difficult in 
its practice, has disclosed s first fact of the same order as die decomposition of 
carbonic acid. All the plants have acquired an excess of hydrogen which 
cornea to them not from the soil or tho air, neither of which contains any ; it 
has, therefore, of necessity, been derived from the water. Plants, then, do not 
limit their action to separating oxygen from carbon ; they also divorce hydro- 
een and oxygen, retaining tho first, expelling the second. Tho water was hy- 
orogcn homed, a» the carbonic acid was carbon consumed ; in both cases the 

Elunts have destroyed the effects of the combustion by delivering up the com- 
uBtible bodies in the state in which they were before they were burnt. In 
verifying this action, finally exerted on the water, it has not been ascertained 
when it is effected or in what organs accomplished. 

A second consequence flows from the auiuyses of M. Bonssingault, namely, 
that every plant arrived at maturity baa giuned azote, which is deposited chiefly 
in its seeds ; and as this azote may come either from the air wliich contains it 
ia a free state, or from manures which have communicated it to the soil, it was 
necessary to institute special experiments to determine its origin. M. Bonssin- 
gault proceeded as follows : he first sowed trefoil (clover) in a soil formed ex- 
clusively of calcined sand, which could only furnish to the plant mineral sub- 
stances and the pure water with which it was moistened ; oa to azote, it con- 
tainL'd none. Under these exceptional conditions the trefoil still completed all 
the phases of its vegetation, and m the end it had acquired a small but positive 
proportion of azote, which necessarily came from the air. The Jerusalem arti- 
cboKc gave the some result with greater distinctness. After having matured, it 
contained twice as much azote as the seed from which it sprang ; but when the 
attempt was mode to reproduce the experiment with cereals, and above alt 
with wheat, it was foimd that the azote of the gr^n was carefully preserved, 
but bod iu no degree augmented. 

In all these cases the vegetation of the plants was extremely embarrassed, 
none of them having the aspect of healthiness which is witnessed in rich soils ; 
the artichoke, however, suffered less than the trefoil, and tbb less than the 
wheat, which could not advance so far as to mature its grains. The reason of 
this ia evident — azote was wanting ; all plants need it, the cereals exact it, and 
when they do not find it iu the soil they languish and often die. In order to 
confirm this conclusion K. Bonssingault submitted to a comparative trial three 
plants of heliaiUhua placed in three exactly similar pots, filled with pnre sand 
and moistened with pure water. The first received no manuring, but to the 
second were supplied eight centigrammes, and to the third sixteen ccuti- 
crammes of azotate of potash. From the first days the plants exhibited the 
difference of the trft-tment to which they were subjected. Tho first languished 
and died ; the second vegetated, but remained sickly ; the third was remarka- 
ble for its fine health. At niiituricy, the second had borrowed from the soil 
four centigrammes of azotate of potash, and the third ei°;ht. But what was 
chiefly remarkable was, that during its progress the last decomposed twice as 
much carbonic acid as the second. Tho azote thus performed the part of ex- 
citing the other functions and of giving to the subject which receives it, or of 
taking away from that which is deprived &f it, the vitality without which it 
could not art upon the atmodphcro. 
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Sdwithftaadisg tb* iaprmat fc»o«1«-ire wii-i wr pveess on the subject 
nsitrr e>nri'i«*:i-ja. ii it §:J csy^^lV.'; zui \-> rvc.rTiiie oa nunv points ths 
iiittt£f>?r;*T of oar hif-fniuti"n. TLai wiiicb is cr->s; istxf licable in our world, 
thai wLi^h ^b'rti^d utiil awak*^ oar cnri>r:iT asi isH'^ o«r researches, is the 
prtat pbvfi'jlf/^leal Ciel of w'^ich I hire nrldU^d ihe cij<i>r«T. The chemista 
hare ajM-iJoooFlj stodied carbonic arid ; tL':'j know all ihe properties it p03- 
f^f^ : ibey can fon.f«e all ihe reactiuofl which it occaii'ns or undergoes in 
the conditions in which it y\tA»t». thi-m to place it ; iLer ai« ^oraut of none 
of tbe circnnutanees which produce it or di^troj it ; bsi ib«T have never seen 
it Ettadilj decomposing nndirr thi^ iudtu-nce of li^ht in tbe preeeoce of some 
inorganic matter, and yet, what thi;^ cannot effect, the aail!<?^ leaf shooc npon 
b; the enn produces in-taiitl7 with a lapidiiy and abondance which tbe 
naturalist regards with admiraii'm. In ten boors an agnatic pUnt yields fifteen 
times its own volnnw of oxygen ; a single leaf of the water-lily diffuses 300 
litre* dnring each summer; and M. BaQ/>.^inganlt having direded into a ra^e 
tilled with vine leaves, in the son, a current of carbonic acid, recdved on its 
esit only pore oxjff-.n. Now we are obliged to acknowledge that lljia fact, so 
(i>mmon, so easily uccoroplishcd by the leaves at evciy boor of the day, chcm- 
i-^lry can neither com)iM:liend nor imitate. * 

If we cannot understand and jmtiate tbe eonditions of a &ct relatively so 
siiuule and so definite, what must not be our embarrassment when we would 
Huiilysc the chemical and physiological phenomena which ensne from it ! We 
»^t> tu effect three simple bodies, %ud rarely four, combine in lelationa iodcfi- 
wi;»-ly variable in order lo give riiie to the most numorons and diff<:rcnt com- 
tK>uud»— wood, starch, sugars, oils, wax, balsams, essences, both fragrant and 
.•-IviiMVx'. delicious fruits and violent poisons, acida like vinegar, and alkalia 
; vo ((uiuine or strychnine, coloring or colorless sabstanccs — in a word, prodncts 
^t V.^*.' infinite variety transcends the dreams of imagination. Not without dis- 
lu-^v «»u*t wo measure the depth of our ignorance in the presence of phenomena 
,^. lu j' ."iJit-d. and whose mechnniam escapes us so absolutely. 

I'Kivai*. however, ill-disciplined minds which wish to explain everything, 
......i...i<* what they are moat ignorant of. It has b<^n said uiat plants proba- 

'i V ^v.i. i>^\l wmpoands of carbonic acid and of azote, formed at night and de- 
,v..ii'>^-.-^ w* ll» light during the diy ; it has been also said that there eiista 
I, ,.svi* W^v* ••ort ol" fcrmcnttitiou, deriving its activity from the sun, and 
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whose (iinGtion it ie to decompose carbonic acid. These expUnationa hare not 
only the defect of heing illusory and conjectural, they are demonstrably false, 
for the poonded leaves, which preserve tUo same composition, ought then to 
continue the Hfune fanctione, which ie not true. There is also a whole school 
of naturaliata who content themaetves nitli nscribiug the functions of vegeta- 
bles to what they call life— a kind of uaapproachable force which suffices to 
explain everything by the aole virtue of ita name ; these appear to me to re- 
nounce all of scientific progress, like the ignorant devotees who expbin all 
phenomena by saying that God produces them. It is God, beyond a doubt, 
vho baa ordered iao world, but he permits us sometimes to inspect the me- 
chanism. Without doubt, also, it is life which dtspoaes the functions of beings, 
but before proposing it as the final cause and ultimate explanation of facU, it 
behooves to know a little what life ia, and of what contrivances it mokes use. 
We see to what weakness we ate reduced as soon as the basis of experiment 
fails us, when, in order to till np the gaps of our knowledge, we strive to grap- 
ple ourselves to hypotheses, to unexplained forces which explain nothing. Let 
na honestly avow our ignorance, and gird up our loins and seek. 

To console ourselves for this avowd, which may possibly hurt our self-love, 
and to find encouragement for the labors of to-morrow, let us measure, with a 
view to their consequences, the importance of the facts which wo know to-day. 
If plants give out oxygen, animals absorb it, and a compensation ia established 
between uiese inverse functions. Wo can demonstrate it experimentally by 
confining under a glass bell an animal and a plant. 8e]^ratea, each of them 
would die— the first by being aufincated in the carbonic acid it exhales, the 
Mcond because it would be deprived of this gas which nourishes it. United 
in the dark, the animal and the vegetable would ii^nre instead of aiding one 
another; but iu the light of the sun the life of the one supports that of the 
Other; the animal, burning his aliments, furnishes carbonic acid to the plant, 
and the latter restores to the animal the oxygen which is neceaaary to it. This 
experiment would be in little the image of the world, and it is thus that Priestley 
conceived the eternal equilibrium of it. Nothiiig can be more grand and 
beautiful than this thought, but it is necessary to complete it. If the bell of 
irhich we have just spoken were very small, the least excess which might occur 
in the respiration of the animal, or the least interruption in the action of the 
Bun, would exaggerate the quantity of carbonic acid and cause first the animal 
to perish, and then the vegetable. Are we, then, exposed on the earth to a like 
danger, and 'ore plants so necessary to us that we must cease to live as soon aa 
tbey should ceaae to act I Believe it not, for we shall demonstrate that this 
fear would be vain. The human population of tho globe may be approxi- 
mately rated at a thousand millions of individuala, and we shall not he far 
from the truth in assuming that all other animals taken together exert upon 
the atmosphere, by their respiration, an effect e^ual to that of three thousand 
millions of adtilt men. This mokes for the whole animal kingdom a population 
equivalent to four thousand niiilions of human beings. Now, as the mean 
quantity of oxygen which an adult humiui being consumes in a day has been 
measured, we can calculate that of the total population of the globe. It is 
very great, no doubt, but, on the other bond, the provision of oxygen in the 
atmosphere is greater still. It is so much greater than the conaumptioD of. 
animals that it would require eight thousand millions of years te cxuauet it. 
Id eight centuries it would fail but a millionth part, and if the vegetables 
ceased theur action, it would require at least two thousand years before the 
nicest chemical analysis could avail te detect a change in the composition of 
the air. The service that vegetables render ns is therefore much lees imme- 
diate than Priestley thought; it is a service of distant reversion, and we nuf 
without ingratitude rel^ate our acknowledgments to posterity. 
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But the earth is quite old, ancl it is not irapoaaible that its atmosphere 
nndergODe, aince the creation, profpreBsive changes which have become ^ 

cooeiderablo through the lapse of so maay ages. We have here a very cur 

question, which has been considered by M. Brougniart, and which we wiU 
proceed to study with him. The esjth covers enormous, we might say inei- 
hatistible, masses of carbon tinder the form of coal, anthracite, lignite and peat, 
and it cannot be doubted for an instant that these deposits are not the accumu- 
lated fossil remains of innnmerable vegetables. Now there is for a plant but 
one single mode of acquiring carbon — to imbibe it in the form. of carbonic acid 
from the^oir, and consequently all those masses of cool which cover Belgium, 
England, a large portion of America, and which are found at all poiata of 
the <globe, were once diffused in a gaseous state through the atmosphere; 
they were there combined with oxygen, and the globe in the beginning waa 
involved in an aeriform envelope which contained azote, a .great deal of car- 
bonic acid, little or no oxygen. If we add that, at the moment, the earth waa 
incandescent, we see that all the carbon must in effect at that temperature 
have been burned on contact with oxygen. 

Thus cons^tuted, the earth cooled down) but the composiljon of its atmo- 
sphero rendered it nniuhabitable for animals, since they had need of osygea 
and there was none, since they woold have been suffocated in the carbonic 
acid and azote which prevailed at the moment. Hence the first strata of sedi- 
mentary deposits cont^n no animals. In return, the earth was as favorably 
prepared for the production of plants as it was unfit for the oonrishment of 
animals ; it was soon, therefore, covered with luxuriant forests, whose rerooina, 
in accumulating, formed coal. We find therein all the species then living. 
There were gigantic equUelvgiu, arborescent ferns comparable to our oaks, and 
palms which towered above everything that the vegetable kingdom now offera 
us. And while these immense deposits were forming, oxygen, perpetually dis- 
engaged by the action of the sun, was gradually impregnating the atmosphere 
and nroparing it for the advent of the animal tribes. Of these, in due time, 
the first creations made their appearance, having since varied from age to age. 
At the epoch of the coal formations the forests were tenanted by huge reptiles, 
cold-blooded animals, for which little oxygen sufficed ; but it was not till after 
the nearly total disappearance of the carbonic acid that the earth witnessed 
the arrival of the mammifers, which had awaited a richer atmosphere. 

There are those at once timorous and ignorant who seriously ask what will 
become of the earth and themselves when mankind have bnmt np all the coal. 
I will tetl you, honest folks, what will become of us. The coal will have 
again been converted into carbonic acid, oxygen will have disappeared, and 
the great vegetable tribes will return ; but if it is true, as they would persuade 
us, that the animal species, by growing gradually more perfect, have advanced 
irom the primitive forms up to man, the return of the elements to their point 
of dtipartnre would bring man bock to his origin by on inverted degenereBceDC& 
To have had crocodiles among our ancestors, be it so ; but to see in perspec- 
tive a posterity composed of ichthyosauri, this certainly is the most disheart- 
ening of metempsychoses 1 ' 

But to return to serious matters : if we are ignorant of the mechanism of 
the living organs, at least we know the fnactions they fiilfil, and can express 
clearly the part which they play in the physical world. With the water and 
azotized substances which they take from the soil, with a gas which they col- 
lect in the air, vegetables compose organic matter, which they accumulate in 
their tissues and which they hold in reserve for tbe use of animals. The vege- 
table kingdom seems to he only a great laboratory, an atdier of prodnctioa 
where every plant has the same function — that of forming materials as varied 
in their composition as are the fbrma of each one of them. To, this common 
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cbontctor it is necessary to add another, which ia that receiritiz as printaiy 
material carbonic acid and water, eabstaacea burnt, plartte hare tue faculty en 
eapeiling the oxygaa. and of extracting from them tlie carbon and hydrogen, 
to which they restore the property of beiog susceptible of being burnt anew. 
These chemical actions take place within their organs, but these organs are 
only the seat of them; the cau^e of these actions is without; it proceeds from 
the son. 

The animal has received a diametrically opposite mission. It creates not, 
it destroys ; in place of solidifying the liquids and gases, it separates them and 
restores them to the atmosphere ; in fine, far from bringing back bodies to the 
combustible state, it bums them. The herbivorous animal derives all bis nour- 
iehmcnt from plants ; he transforms a part of them into water and carbonic 
acid, he accumulates the rest in appropriate organs. The carnivorous profits 
of the^e reserves, and finishes by restoring to the atmosphere what vegetables 
have extracted from it ; what the herbivores have preserved of it, and whatever 
the class to which it appertains, every animal rejects by the natural ducts an 
abundant provision of azotized matter which it deposits on the soil. It ij pre- 
cisely tliia matter which vegetables take up again, without which they cannot 
live, which they possess the power of elaborating, transforming, accumulating, 
and which they return to animals after having restored to it the nutritive quali- 
ties which it had lost. Thus is closed that admirable circle of opposite trana- 
formations and of mutual services where we see the animal and the vegetable 
eternally exchange the same matter ; thia, which receives it gaseous, disoxi- 
dizing and solidifying it ; that, which receivea it combustible, again dispersing 
anew after having burnt it. Priestley eaw in plants predestined servitors whose 
offic« it ia to purify the ur ; but they have another function much more imme- 
diate and render na a eerrice quite otherwise indispensable, that, namely, of 
extracting and preparing our aliments. Their action on the air would only be 
eensiblo t^ter along snccesaiou of ages; but if a single year drought annihi- 
lated the &nitB of &» earth, a frightful famine would deatroy in a short time 
all the animals which the globe nourishes. 

From the aon it ia that daily nourbhment, life, force, and all our power ia 
derived. The light, the chemical emanatioua, all the raya which that orb sends 
OS, are extremely rapid ribrations, analogous to those produced by sound ; 
there is movement, there is force ; as soon aa it re^bcs the plant that force is 
absorbed, it disappcara, it is estinguished. Bat no force ia extiuguishcd ex- 
cept on the condition of having produced an effect, performed a work which ia 
its equivalent. Now the work performed i)y the light which the leaves absorb 
is decomposing the carbonic acid. So, too, let it not be forgotten, there ia 
□oeded a given amount of force to disunite a given quantity of oxygen and car- 
bon ; it ia the eon which every hour of the day furnishes it gratuitously. 

If now we place in presence of one another this oxygon and carbon, and, 
by an inverae operation, combine them by burning this carbon, they will pro- 
duce, in uniting anew, all the force which it had been necessary to expend in 
order t9 separate them; that ia to say, all whicli the sun had fiirnisbed.' There 
will be heat and light, as experience shows, and there will be force also, which 
may be collected by means of calorific machinery and employed in our service. 
And we shall do well to reflect that it is the sun which has prepared for ua 
that heat, that light, and that force; which boa furnished to the carboniferous 
forests at au epoch when mjn. as yet was not, wh.it mvn recovers and disposes 
of to-day. 

And what ia true of onr inanimate furnaces will be found to be repeated ia 
those living furnaces which we call animals. They likewise burn organic 
mtterial, produce heat which elevates their temperature, and develop force and 
it ; a force which tbey do not create, which they owe to that very com- 
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bnatioa. and upon the aame terma as do eteam-machines ; a force prerionBly in- 
fused by the bud into plants, absorbed by them, virtually pcescrred in their 
products which ore our enetenaac^, which we disengage by respiration and 
which our muscles apply under the direction of our wants and our will. This 
whole grand geoeralization of, the phenomena of the world is the work of mod 
em chcmiiits and phyeiciets. It was UM. Damas and Bouasingault who first 
disengaged it; the mechanical theory of heat completed and demonstrated it; 
but it already existed entire in the conception of [Troisier when he wrote : 
"Orgoniiation, sponlauMHu movtmeA, life, eiUt only on tbe snrfiKfi of the earth ia 



IV. 

If during tlie regular coarse oC its existence, a vegetable accnmulatea organic 
matter, there ore nevertheless two moments when it loses this esaeatial chapter 
and comports itself like the animals : it is at the commencement and the end of 
its life, when it germinates and when it reprodaces itself. Every aeed, besides 
the embryo which for long years preserves the principle of life, encloses a pro- 
vision of organic matter destined for the first noarishment of the springing plant. 
Cast on a warm and hamid soil, it germinates ; its radicle seeks in the soil a 
point of support and liquids ; the germen rises uoward ; the seminal leaves or 
cotyledons are developed, and the rudimentary plant is established in virtue of 
intrinsic and transmitted life. Now, during this first period, the provision of 
accumulated matter is divided into two parts : one is burnt by a sort of respira- 
tion, the other, undergoing complicated chemical actions, is transported into the 
organs and there becomes fixed in constituting tbem. Everything occurs nearly 
as in an animal and withont any intervention of light ; bat after this primitive 
phase, when the respiratory organs have received their first development, tho 
plant wails for the rays of the auij to continue its evolution, and, as soon as 
these reach it, it inclines towards them as if eagerly to collect them, it becomes 
green, and commences, only to desist at its death, that decomposition of car- 
bonic acid and that accumulation of matter which is its function and its pre- 
destination. 

In order better to study this period of intrinsic life in the seed, M. BouBsin- 
ganlt conceived the happy idea of prolonging it by indefinitely retarding the 
action of the light. The experiment was made with peas, in a soil wiihoat 
manure. After having germinated, they continued to grow, giving forth a pale, 
slender, creeping stem which at length perished without having bome seeds. 
Dnriug this whole period the peas continued to work up the organic material 
originaJly conttuned in the seed, and in proportion as their life was labortonaly 
prolonged, they dbpenscd it by little and little in order to enstaia it. At last, 
each plant had lost more than half the carbon which the seed had originally 
provided. While this experiment was going on in dvkaeas, other pea9f sowed 
at the same time, were successively transferred into the light. From that 
moment eveiything became changed ; real life was developed, and the plant, 
being now able to avail itself of the nourishment contained in the air, gaioed 
each day, in the snn, very nearly as much carbon as it had previoosly eaa- 
Bumed in darkness. 

In oatnre all things tonch npon one another : vegetables in the seod, onimak 
In the egg, appear to accomplish the same acts and exist in the same eonditioos. 
]u both cases, a mass of organic mntter occempanies the germ ; the egg and 
lhi> twed may proserve for an indeterminate length of time the virtual principle 
eif Itl'o. A little heat will commence the evolution, and &om that moment the 
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organic matter, absorbed by the naBcent tiesDca, transported hy the Teseels which 
are formiog, takes its place in the organs into whose constitution it enters. Dur- 
ing thiB whole period, the plant and animal subsist on their own resources, 
drawing nothing from without, and to complete the analogy, thov bam a por- 
tion of their own sabatauc«. By and by, when all is exhausted, the animal, 
already formed, is prepared to liye, aa the plant, already delineated, la prepared 
to vegetate, and a comiaou want displays itself at tbc same moment in both 
esiateuces : that of finding external nourishment. From this point all analogy 
ceases, and the separation of the two kingdoms commeucea. The vegetable 
creates and reduces, the animal destroys and oxydizea. 

Let ns pursue these analogies. In every flower that opens, botany of late 
has shown us the organs of two opposite sexes which concur, each after its 
character, in the fccnndatiou of the germs. Now, at this moment, when the 
flower seems to borrow that sexual function of reprodnctioa which we might 
think to be the excluaive privilege of animils, it again imitates them in burning 
the organic material by an active respiration, "All flowers," said Priestley, 
" invariably exhale a deadly air daring the day and during the night, in light 
and in darkness." Daily experience confirms this assertion, and Do Saussnre 
bafl shown that this poisonous gas ia carbonic acid. At lost one of our moat 
justly celebrated chemists, U. Gahonre, baa given us the results of a recent and 
complete study of this respiration of Sowers and fruits under all circumstances. 

If it is tme that this combustion of organic matter, that this expenditure 
and loss of force, be necessary in itself to accomplish the act of fecnudation, it 
is in the sexual organs especially that it should be present. Experiment in 
effect has confirmed this conjecture, and it has even been ascertained that it is 
the Btamen, the mote organ, which dispenses the most. Nor does this feet stop 
diere. All combnstion disengages heat: it is to their respiration that animals 
owe their high temperature, and it is of course necessary that the stamens and 
pistils should develop heat since they respire. The qucation was to find ther- 
mometers sufficiently sensitive and a suitable plant. The first vegetable which 
has allowed the verification of a rise of temperature is one which would never 
have been suspected of so much ardor, tb^ pumpUn. Ita flowera are large, 
and admit of the introduction of the air-thermometer ; some of them are male 
and others female, and the latter have evinced a greater degree of coolness than 
the former. 

Still the gourds, melons, and pumpkins grow warm in but a slight degree, 
and so, it might be said, resemble the cold-blooded animals. There are plants 
which resemble the warm-blooded animals, and tliese are the Arums. One of 
them, the Arum maeuiatvm, which is fonnd abundant in hedges, is enveloped 
in a rolled leaf which encloses the Sower in a chamber, and which prevents the 
heat from being dissipated in space. Observe now the singular phenomenon 
which has been perceived by Lamarck, Sennebter, Bory do Saint Vincent, and 
by De Saussure himself. Habitually the Arum is cold, bnt at a given moment, 
which must be watched and skilfully improved, the temperature of the plant 
raised from 7 to 8 degrees above that of the atmoephere. Hubert, a truly sa- 
gacious observer, succeeded in introducing a smalt and very sensitive thermome- 
ter, sometimes among the stamens, which became heated to 22 dogreea, some- 
timee among the pistils, which produced an action one-half less. The other . 
pans of the plant manifested no special action. By care and wotchfiilacss, De 
Uanesnre surprised four Arums at the momeat of calefaction, and placed them 
under a glaaa bell filled with air. The glass was immediately covered with a 
moisture which attached itself to the surface, n great absorption of oxygen took 
place, and a correspondent production of carbonic acid. In its chemical acti n 
Mrftd the energy of that action, the plant was comparable to a small animal. At 
Mnother time Do Saussure decomposed the plant into different partSt which he 
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•uidied KfMnielj : the sexual oigans consumed 132 meuoree of oxygen, ditd 
ibc rest of the flower only 30. 

Afu:r fecandation, the frait begins to be developed and th& plant to Qonneh 
it. Not only does the plant fdrnuh it with the matter acenmnlatcd in its own 
tiDcnes, but with a qoancity greater stiU, which it bums by a respiration proper 
to it. The whole Ut'e ol the regetable seems then exclusively devoted to the 
accomplishment of this last dnty of nooriitbing the fruit. In this taak it im- 
poverishes itself; the beet and the cane dispense all the sugar they possessed, 
every plant eihnnsts the piovisions which it had accumulated in the period of 
its youth, and when the fruit is mature, the v^ietable, if it is annual, is reduced 
to a dry skeleton, and if it is perennial, sinks into the repose of winter, to re- 
cover its forces and recommence, the following year, its providential function. 

The subject under consideration, besides the qnestions of detul which I pro- 
posed to examine, contains a great tmth with which I shall conclude, namely, 
that onr world does not suffice for itself, because it is deficient in force ; but it 
receives this from the enn, difiiised upon it in the form of rays. And it is by 
virtue of this action that life on the globe is transmitted noder two antagoois- 
tic forms— vegetable life, which accumulates force by creating organic matter, 
and animal life, which consumes and dissipates that which the sun furnishes, 
that which vegetables absorb and treasure up. 
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ddIidk mtb ammal and vegMablo matter, la one of Ibe sabjocts refeircd by thiit Dcpart- 

A> the National Academy of ScicDtes for examination and report. I nead not enlarge 

npon lt» paramonnt impoitance. A memoir by M Becquerel, on tbis snbject, in tiie fimt 
nniober of the fifty-ninth volomo of the CompUi Retulut, has recently attracted my notice, 
aod I think the publication of it in EngliBb may be aerviceable by calliDK the attention of 
profesaed cbemiats and other systematic eipeilmeaCalisIs to tlie atrictty auentific treatment 
of the qnestion. 

1 have the pteasore, therefore, to send yon the accompanying tnaslation, which I should 
be happy U> see preserved and widely circulated in the pages of your valtiable reports. 
I have the honor to be, very respectfully, jonr obedient servant, 

C. H. DAVIS, 
RtaT-Admiral, and Chief of Biatati of Namgalunt. 
Frofl Joseph Hehrt, LL. D., 

StcntaTf 8i»iUuanian InitUiition, WaMngtom, D. C. 



Thb preservation of metala at sea, especially of copper and iron, has in onr 
time become a vital question on account of tbo transformation of the navies of 
all nations ; a transfonnation suiled to bring about a change in their mutual 
relations. Since this question falls within the province of the physi co-chemical 
Bciences, I have considered it my duty to give it particular attention, with 
the hope of adding by my own eflbrts some new data in aid of its solution to 
those which we already poaseas. 

Tbis question presents great difficulties, proceeding from numerous causes 
vhich contribute to the alteration of metals. All these causes, whether me- 
chanical, physical, or chemical, exercise an influence over chemical actioHi and 
consequently over the prodnctiou of electricity, which gives rise to isolated 
voltaic couples. They can ouly be effectually controlled by the closest iovesti- 
^tion and by contending, so to speak, with each of them singly. 

Finding it impossible to communicate the whole of my labors to the Academy, 
J shall confine myeelf to laying before it a concise abstract of the principal results 
of my investigations, in order that it may get an idea of their whole scope ; but, 
before doing so, I will cite those results v/hich have ali'eody been obtained on the' 
■ainesubject, and thus make the Academy acquainted with my point uf departure. 

In a lecture delivered January S2, 1834, before the Royal Bociety, fAnnalet 
de Chimie et de Phytiqut, t. xxvi, p. 24,) Davy informed hia audience that 
the rapid change in the copper-sheathing of resscls-of-war, and its unequal 
dnrability, bad excited the particular attention of the lords of the admiralty, 
irLo employed him to inveatigate the means of preecrving the sheathiug ; and 
that he immediately undertook a series of researches which led him to the dis- 
covery of an important principle, according to which a mL'tiil which is electro- 
positive in salt water, being converted into an electro-negative, is preserved 
from all idteration, at least within certain limits. /^ > ■ 
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Dayj admitted th« theoiy of conUict, that is. the prodnctioii of eleetridtjr 
hy the coQt&ct of two met^a, resulting from mutaal action. Chemical action, 
accoTding tu him, only served for the tranflmisBion of electricity &om one bodj' 
ti) another. Thb view preveated him &om deducing from his diacovery cchi- 
Boqueoces which naturaUy flow from it. Hid first statement woa, that a piece 
of line of the size of a pea, or of the point bf an iron nail, was qatte snffiaent 
to preserve from 40 to 50 square inches of copper wherever placed, and that a 
little piece of zinc having been fixed on top of a piece of copper, and a moeb 
larger bit of iron below it, and the whole immersed in salt water, the cop- 

Jiet not only was preserved on both sides, but the iron also, wfaidi, after a 
ortnight, had kept its brightness equally as well as the other metal. He con- 
cluded from this, at once, that small quantities of sioc, of iron, or of cast-iron, 
when placed in contact with the copper-sheathing of vessels, prevented its coi^ 
Tosion. He added, besides, that, since negative electricity could not be regarded 
KB favorable to animal or vegetable life, because it caused the precipitation of 
magnesia upon copper, a subatiince very prejudicial to land plants, this elec- 
tricity ought to help to keep the bottoms of Teesels clean. 

The lords of the admiraltv having furnished him with the means of experi- 
menting on a large scale with his mode of preserving the copper'sheathing of 
vessels at Chatham and Portsmouth, he established the following facts ;* Sheets 
of copper in contact with zinc, iron or cast-iron, over ^ or ^g^ part of their 
surface, having been exposed for several weeks in the harbor of Portsmouth to 
the action of the tide, and their weights having beco determined before and 
after the experiment, Davy found that when the metallic protector covered a 
surface of from ^ to jijg of the copper, neither corrosion nor dimioution of the 
lattermetaltookplace.but when the ratio was from^^ to 7^ the copper under- 
went a loss of weight greater in proportion as the protection was smaller. He 
considered cast-irou, a substance so readily and cheaply found everywhere, as 
the best and the most appropriate for the protection <^ copper, and as lasting 
as long as iron and einc. 

The sheets of copper of two small vessels, thus protected, were kept per- 
fectly clean for several weeks, as loug as the metalCc surface of the copper 
had remained uncovered i but as soon as the metal was covered with caihonata 
of lime and tbagueaia, plants and insects collected there. 

Again, ve fiod the following facts in the Philosophical TransactiouE of Lon- 
don for 1825, pp. 340 et teq. : 

"The fimt mperiment of this kind wm tried cm Ihe SammaraoK, of 93 guns, ia Usrck, 
1S24. sod which Itad beeu coppered three fears befgre in luilio. When she CAme intu dock 
•t that time, before she wu protected, she wu covered with thick greeo carbonate sod siJk 
muriate of copper, sod with a Dumber of long we«d«. priocipailj liici, and a quantity of 



loAphitea, adheriug to differeot parts of tho bottom. For the purpose uf protection. Davf 
employed caHt-iroo, oqaiO in surw« to about ^ of that of (he copper, which was applied ia 
four miuses, two near the Btum, two on the howR. Sljo made a voyage to Nova Scalia, and 
returned in January, 1^25. When she wai again brought into dock, there was not llw 
smallest weed or shell-Gah upon the whole of the traitotn Irom a few feet roand the stem-pio- 
tectors to the lead on ber bow. Bound the' Btem-prolec tore Ibere was a slight adbesion of 
rut of iron, and upsn this (here were some zoopnites of the capillary luud, of an inch and 
a half or (wo inches in ienstb, and « number ol minute bamaclvs, both Ltpat aatali/cra and 
Balanui tintiHnatMlum. For a coQaiderablo space round tbe protectors, both on the slem 
and bow, the copper was bright; but the color becaoie green towards the central parts of 
the ship ; jet oren here the rust or verdigris wu a light powder, and only small in qoao- 
tity, and Old not adhere, or come off, in scales, and there bad been evidently little cupper 
lost in tbe vnyaga. 

" The yacht Elizabeth was protected by about tir part of malleable iron placed in two 
masses in tho atcrn. She had been occaxionally employed in sailing, and had been M>in»- 
tlines in harbor, during six months. When Davy saw her, at the end of this lime, she was 
perfKtly clean, and the copper apparently untoucbed. Uer owner informed him Ihal there 

■ Pbilos«pbical TmntactloDS, 18S4 ; Annaitt dt Chimit et A fJ^iigas, L xxix, p. lOT. 
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flenr had been tbe slightest adbenon of eitlier w««d or ■bell-Esh to her mpper, bnl thai a 
ftw aiuali bUDAclee bitd oacti itppenreil on Lho Ioom oxide of iron in the oeiguborliood of the 
pmleclora, which, however, were immediftWly and eaailj washed off. 

"The Cmebrea Castto, a lar^e vessel of upwards of eou loaa, woe famished with fonr 
]nol«ctora, two on (be stern tail two on the bow, equal tegether to about t&t of the snrfuce 
«f U» eopper. 8he had been proteclod more thna twelve months, nnd bad made a vof om 
tn Calcutta and back. She cjune into the river perfectly bright, and whi.a examined JD tho 
diy dock was found entirely free from any adhesion, and offered u beantiful and almost ool- 
{sbed surface, and there seemed to be no greater wax uf copper than could bu accounted for 
from mechamcol canses." 

It follows from the precedm^ facts that, whether in Bea water or the salt 
water of the laboratory, the copper Bheeta which are at rest in salt water in- 
crease in weight by becoming covered with earthy or alkaline deposits when 
ihey are protected bya proportion of iron below jj^; and if this proportion be 
coatuned between y^^^ ^Q^tiiW' ^^^ surface eeema to be preserved without 
receiving either deposits or zotiptiytes or shells. 

It appears that Davy devoted himself to determining the limits on the sur- 
ffice witnin which the protection takes place, but not at all in the thickness. 
He neither takes into account the layer of oxvchloride of zinc nor of copper, 
oxychloride mixed with particles of one of these two metals, which, by op- 

Bosing the reaction of salt water, stops the protection. The whole question 
ea there, and Davy studied only the theory of contact. 
Although several of the preceding experiments have furnished favorable 
results, ncverthelesa the process of protection was not adopted; the reason 
■saigned for it was the negative condition of copper, which favored the.deposit 
of marine bodies to such an extent as to diminish the rate of sailing. 

We shall see presently that the deposit of marine bodies waa not to he 
attributed to this cause, since the major part of the protection had disappeared. 
It has been remarked, however, that in order to preserve the copper tho pro- 
tecting metal must be oxidized. He had such a strong belief in this theory 
that bo asserted that a piece of zinc of the size of a pea, or the point of an iron 
nail, was sufficient to protect copper plates of 256 to 320 square centimetres of 
surface, immersed in sea water ; this preservation could last only for a short 
period, as the piece of zinc, or the point of a small iron nail, waa rapidly de- 
stroyed. There is* withal, in this nothing to inform us whether, in the means 
of preservation employed at sea, a thought was given to the disadvantages 
resulting from the destmctioa of the oxidable metal ; it is not, therefore, aston- 
ishing that the copper-sheathing became foul, to use the seaman's phrase, and 
was covered with oi^;anic bodies. In addition to the above, it is the same with 
regard to tho production of electricity for preserving copper or iron at sea as 
with regard to the production of heat ; in tne latter case it is necessary to keep 
up the supply of the combustible material, and in the former to provide for the 
replacement of the oxidable metal according as it is destroyed ; this is an indis- 
-peuBoble precaution to secure its preservation. 

Tho canses of cbuige in metals are numerons. We will cite partlcnlarly the 
beterogeneonsness of parts : the difference in the mode of aggregation of particles, 
the presence of any bodies whatever on the surface of metals, of grains of sand 
for example, or spots of rust, strokes of the hammer falling here or there, prcs- 
•ure, a sunple fold or corrugation, &c., are so many canses which give rise to 
-woltaic couples on the surface, and which destroy a protection otherwise suit.ibly 
selected. The A-iAion of water must stiU be added, as M. Ed. Becauerel has 
sliown in the interesting experiments which he repeated at Toolou, while aiding 
me in my investigations. 

From this it may be seen why it is that metala like m>n, that are Ibrged, 
^rrought, and hammered, present so many causes of change, which are removed 
by means of protectors, arranged according to electro-chemical principles. This 
explains, what experiment proves, irhy it is that the electricM conutioa <tf the 
protected metal does not always follow aregolar law. i v>l>Oi^lC 

IS 8 
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I have been guided in my researches by an important consideration, which I 
will here mention : it has been discorcrcd, that in order to decompose oae mil- 
ligranmie of water, it was necessary to employ in the form .of a cnrrent a quan- 
tity of free electricity equal to that of 20,000 batteries, each of one aqnare metre 
of Btuface, and charged in such a way as to give out sparka flying more than 
one centimetre in length. This is the quantity aupposed to be combined with 
the substance and which becomes free on the decomposition of one milligramme 
of water, or which experiences some kind of transformation, either by becom- 
iug heat or by being changed into a vis-viva, of which I have tried to deter- 
mine the effects in the cases under consideration. Tbis much is certain, that bat 
an exceedingly email portion of the enormous quantity of the electricity c&pable 
of producing the effects of thunder is collected ; but before arriving at this de- 
termination 1 have investigated witli the ntmost minuteness, by means of the 
compass of sines and suitably arranged apparatns, the electro-motive force of 
zinc as well as that of iron, of copper, of It^, and their alloy, plunged in sea- 
water, which forces bear a relation to the developed affinities and naturally serve 
aa starting points for finding the protecting metal «r alloy; this latter acting 
onlv with efficiency when the negative condition of the protected metal, which 
is derived, is superior to that which it assumes when it is attacked by salt 
water. I subaequently determined the electrical condition of all the compo- 
nents of a protected metal in order to see what became of the vis-viva, of which 
I have just spoken, and to discover the laws upon which it will be necessary 
to rely to secure protection. My mode of proceeding was as follows : 

When a copper plate 5 metres in length and 6 centimetres in width, con- 
taining a surface of 3,000 square centimetres, and armed at one of its eztiemi- 
tiee with a very Email band of zinc one centimetre square, and furnished at short 
diatances with vertical rods of the same metal and other details, is plunged into 
sea water, it will be found that from the zinc to the other extremity of the plate 
the electrical condition of each point of the latter gradually diminishes, and 
if the curve of the intensities be traced, by taking for the axis of the ab- 
sclseae a line which represents the elcMro-motive force of copper, for the abscis- 



sas themaelveB the distances to the zinc, and for ordinates the corresponding 
electrical conditions, this curve will appear to have the axis of the abscissas 
for its asymptote, showing that it cannot be determined how- far the protection 
extends. The whole suitace of the copper retains its brightness, with the ex- 
ception of the part on the side of the zinc to a distance of about one or one and 
a half metres, which becomes covered with earthy metallic deposits when the salt 
water is not pare. In another experiment made at sea, the law has been v^- 
fied to about fourteen metres. It is evident, therefore, that in the oxidation of 
the zinc the electricity which ceases to be united with the substance, and which 
is enormous in amount, acts as a living force, when it is transmitted to the cop- 
per at distances the precise limits of which are not known. We must not for- 
get here to observe that there are in circulation over the whole metallic enrface. 
by means of the liquid which moistens it, derived currents which produce elec- 
tro-chemical decompositions, and which ore created at the expense of the elec- 
tricity disengaged in the oxidation of the sine 

Hence we perceive, that if wo wish to protect a copper surface in such s 
manner as to avoid electro- chemical deposits, we must arm the surlkce with a 
metallic protector having on electro-motive force equal to thqf of the point when 
these deposits begin to he insensible ; this is an important condition to fiilfi) in 
order to prevent deposits of shells and other marine bodies, which seem to faa 
formed on parte already covered with limestone, magnesia, and other substances. 

Copper plates aimed with iran, and iron pUt«s protaoted by jtinc, preeent 
similar effects, with the slight difference that the sphereof electric actiomsteafc 
it being understood that its extent depends on the difference between the eleo- 
tio-motive forces of the protecting and the protected metaL / - i , 
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One can hardlv form an idea of the alight space which it is sufficient to give to 
Uie zinc and to the iron in order to prodiice on the metals whicL they are pro- 
tecting the effects we have jnet mentioned ; thus the quantity of metal needed 
to protect the iron of an armed vessel becomes insignincanL 

The protecting alloys of zinc and copper, of zinc and lead, Sec, act, in pro- 
portion to the more oxidable metal whicli enters into their composition, with 
ceitun conditions of hardness, to which regard is to be paid. With an alloy 
of copper and zinc, the protecting power diminishes, according as this last metal • 
Ib oxidized and cnrried off, when there remains finally nothing but a copper 
sponge, which is soon changed into oxychtoridc ; the greater the hardneaa of 
the uloy the slower the production of the effects here mentioned. 

The ezperimentB of which the principal results have been stated had to be 
repeated in the open sea. The minister of marine, fully appreciating their im- 
portance, was kind enongh to put at my disposal in the harbor of Toulon -all 
the neceasaiy means for making these experiments. I cannot sufficiently thank 
him, as welt as M. Dnpny de Ldmc, the latter particularly, on account of the 
useful information which he so kindly furnished me in respect to what con- 
cerns the applications of my experiments. I also thank MM. the naval engi- 
neers for their co-operation, and M. de Mouy, suh-eugineer, who, having followed 
my experiments with attention, will be able to repeat them. The experiments 
have been made on a large scale and have not left any doubt as to the accuracy 
of the results obtained in the laboratory, and have enabled me raoieover to 
make new observations, which are of interest in applying the experiments. I must 
mentioa here some observations which ongbt to oe ti£eu into consideratioa. 

Whenever the iron plating is covered with several coats of red lead, it is 
preserved as long as the paint lasts ; but as soon as it is partially removed, 
either by friction or by the dissolving action of the sea, which is slow, the 
metal begins to be attacked at different places ; those parts which have lost ptunt 
■re negatived relatively to those which preserve less of it, or none at all ; so that 
these lost suffer more than the others. From the above causes spring those local 
chauees scattered occasionally over the surface of the plating, which will be easily 
avoided by the employment of protectors, disposed according to principles hero 
laid down— protectors which will not <jjme into use until the paint is carried off. 
The copper sheathing of the bottom which is not painted, being in the same 
condition as that of the old vessels, will be exposed to the same disadvantages, 
nnless it be protected not only with a view to its preservation, but still more 
for preventing deposits of earths and other matters, which seem to favor deposits, 
of sliells, mollusks, and marine plants, which it ia said do not occur as long as. 
the surface continues bright. 

All the parts constituting the sheathing and the armor have been so well ad- 
justed hyM. Dupny de L^rfie, that it will be quite easy without disturbing 
anything to apply the protectors in such a manner aa to clean the former ot 
change them aa need be. 

It will even be possible, when the vessel is on the point of leaving the basin 
to enter the harbor, with the aid of apparatus I constmcted for this purpose, to 
0ee if all metallic parts are completely protected, or in case they ore not, to 
discover the amoimt of change. 

Such are the general results arrived at during the long investigations con- 
ducted either in tbe laboratory or in sea water npou the means to he used for 
}>rcserving the metals employed for the plating and sheaUiing of irou-dads, and 
or preventing deposits of shells and other marine bodies. 

It is quite impossible for me in this extract to enter into details concerning 
tlie mesiBureB to be taken for the preservation of metala, an account of which 
is given in this memoir ; it is sufficient for me to say, that the general principles 
appear to be well established, and that the only qnesUons still wuting tneur 
pMnthn tm those irhfcfa lehttfi t» -tbe application of these principles in detail. 
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Thb increased conBamption of wood, more especially in the conetrnctian of 
raUroads, has rendered the question of a fature enpply one of no little interest. 
Its importance, however, results not so mnch from the quantity employed in con- 
struction, great as that certainly is, as from the rapid decay of the silla of rail* 
roads and the consequent necessity of frequent renewal. A resort to the harder 
kinds of wood in place of the softer was au obrious and early expedient ; but 
little is thereby gained, for the former also harbor within themselves the germ 
of destruction, and under the influences of the atmosphere pass speedily through 
the stages of decompositiou. 

Of course this process is more r^id in certain kinds of wood, and is the 
effect of a greater proportion of cellular tissue containing nitrogen. It is to 
this that wood, exposed altemabdy to moisture and diyness, owes its decay, 
because the proteine substances, as Uie nitrogenous combiitatioas are called, pass 
into fermentation, develop carbonic acid, and thns produce the gradual decom- 
position of the mass, altbongb the second chief coostituent of wood, the ao- 
called cellulose, is in itself unalterable, and reaista all destructive inflaenccs. 
The more proteine, therefore, contained in the wood, the more easily and earlier 
does it undergo decomposition. 

Railroad sOls of oak were found to last longer than those of softer wood, yet 
eveu these, though chosen with core, sufficed but for some tea years' service, and 
then for the moat part required to be renewed. But through the exclusive use of 
oak for this purpose, it was soon observed that the forests were becoming thinned 
beyond all hope of restoration, and that the price of this wood had advanced to 
a most inconvenient extent. These annually increasing disadvantages have bad 
the effect of directing inquiry to the practicability of replacing, for many diSer- 
ent purposes, the use of wood by that of other materials, chiefly stone and iron ; 
but for the sills of railroads this BDhstitutioD has not been fonnd to answer. Here, 
therefore, it was necessary to think of other means for prolonging the duration 
of wood, or at least for communicating to the soft woods, of which our forests 
are chiefly composed, a degree of dnrabitity which should qu^ify them to supply 
the place of the harder kinds. 

Flans for the conservation of wood are just as little as the wasting of the 
forests an incident of yesterday or to-day. As early as the reign of Charles 
II, of England, Lord Caernarvon had said, "Wood is an outgrowth of the earUi 
which nature provided for the payment of onr debts," and the fiist proposal for 
the preservation of wood by chemical means dates from that period. Of this 
the celebrated Dutch chemist, Glauber, was the author. Two other proposed 
methods date from the last centiiry, and since the beginning of the present a 
great number have been brought forward. All those heretofore devised, and 
which have had in view cbicSy the preservation of railroad silb, depend — 

1. On the abstraction of water fixtm the wood before nsing it; 

2. On the elimination of the ingredients of the sap; 

3. On the chemical alteration of those ingredients ; 

4. On the mineralization of the wood. 

Of the various proposab for this purpose we can here notice only those which 



by Google 



PREBEHVATIOK OP WOOD. 197 

hftve obtfuned (l certun notoriety. Among these nuty be classed that Q(K.jm, 
irho proposed to stoep the vood in a Bolotion of chloride of mercnry, or to press 
tbo Utter into it. So Btrougly hod this method beea recommended that the 
building of the Leipsic-Dresden railroad was deemed a snitable occasion for put- 
ting it to the proof. The auperetructDre of tbia road was formed, after the former 
American eystem, of long wooden sills, strengthened by cross-ties, with iron 
rails attached, and these sills it was proposed to protect from decay by treating 
them in Kyaa's much-extolled manner, with an infusion of chloride of mercury. _ 
The experiment, however, yielded a most unfavorable result. In the first place, 
the cost exceeded all expectation, amoantingin the case of hard wood to 91,500 
per mile, and in that of soft to as much agiun. Uoreover, the solntion had 
penetrated the hard wood to the depth of but two or three lines, and heace the 
protectioa was highly problematical. It is true that by frequent treatment or 
by pressure a complete penetration of the wood might have been effected, but 
in that cose the expense would have certainly countervailed every advantage. 
In England the same experiment has been tried with several railroads, and also 
with the pins used in the wooden pavements of London. The sills of the London' 
and Birmingham railroad were entirely decayed in three years, while those of the 
Great Western road, after six years, were still ^"esh and sound. These different 
resnlta are attributable to the different modes of impregnation and to the con- 
tents of the respective liqnide. The pins of the London pavement were fonnd, 
after forty-six months, to be totally decayed. 

Dr. fioncherie, of Paris, has acquired much repnte for his method of preserv- 
ing wood by means of copper vitriol, as expedient to which he was determined 
by long and aedolous experiment. So fovorable were the results that, in 1856, 
after seven years' experience, large contracts were made with him for the im- 
pregnation of the Bills of Rulroads and posta of telegraphs. In considera- 
tion of important pnblic services thus rendered, the jury of the great industrial 
exhibition of Paris, in 1 855, on the concurrent recommendation of two sections, 
awarded to Dr. Boncberie a large medal, while the public authorities, on the 
same grounds, extended his patent five years beyond the limited time. The 
basis, as well as the scientific principle of his procedure, is supplied by the as- 
flumption of the circulation of the vegetable sap, the existence of the cellular 
tisane, and of tubes within the plank through which this circniation is conducted. 
The second postulate is the possibility of displacing the sap and substituting a 
fluid possessing preservative properties. 

In 1838, Dr. Boucherie ootamed a patent for a process which depended en- 
tirely on the circniation of \be aap. Upon this first syetem, a tree with its full 
gamitore of boughs and leaves was sawed off, and its lower end sunk perpen- 
aicntarly in the fluid, which thus ascended with the sap to the top of toe tree. 
This process, though satisfactory in a scientific point of view, was not adaptod 
to practical use. It remained to discover some means of causing the conserva- 
tive flnid to penetrate into the felled tree without recourse to the natural circn- 
latiou of the sap. Sepeated experiments showed that it was practicable, by a 
bigb pressure, to expel completely the watery particles which remain for some 
time in the cells of felled trees, and to replace them by some other flnid. The 
problem was thus narrowed to the determination of a snitable fluid, and tho 
Application of a cheap and practical method of expelling tho sap and introdu- 
cing its substitute. 

After employing, experimentally, various antiseptic substances, Dr.'Boncheria 
obtained the most satisfactory results with a solution of the sulphate of copper 
(copper vitriol) in water. This substance, when introduced, is dea^ned to a 
two-told porpose— to expel the sap, wbich is the cause of decomposition, and to 
fix itself in the wood. 

A small portion of the sap adhering to the inner walls of the cells is required 
for the fixation of the sulphate of copper; a combination of the two forma a 
covering which withstands eztenul action, whether in the atr, the earth, or ths 
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water. Of tbifl fnct ocular proof may be iutA, if, hy meaoB of Btrong Iiy- 
dranlic presHOre, we drive the albuminous eabstances fi^im a stick of wood and 
prepare it after tbe prescribed manner. Tbe vitriolic eolation wbicb is received 
at the end of ibe wood, where it flows out, pOBSesses the same properties as atits 
introduction ; there has been, therefore, little or no intermediate action. For 
every sort of wood there is a certain degree of presBtire ander which the prep- 
aration fields tbe beat reaalts. Nor is the Btrength of the vitriolic solution of 
lees coaeequence than the force of tbe preBSure : too weak, tbe effect; are cor- 
respondent, nnlees mnch time is allowed for the preparation ; hj toj great oon- 
GCntnition, on the other hand, wo injure tbe nbsorbing vessels of the cellular 
tiBsne, and tbe preparation becomes difficult, if not impossible ; the wood in tbia 
case may bo said to be scorched and corroded by the acids. The proportioD 
recommended is a solntion of one pound of tbe sulphate of copper in one ban' 
dred pounds of wtter. The water to be used for this purpose must be para 
and as free as possible fkim calcareous salts. 

All kinds of wood are not suitable for this impregnation. Certvn kinds 
have isolated parts, where the sap is arrested, and no passage is allowed for 
the Bolution. In the oak, for example, the sap only is penetrable, while tbe 
pith resists penetration. The beech even, which is highly adapted to impreg- 
nation, often ehowB, near the pith, a red portion, in which the sap becomes in- 
spissated and allows no passage. The birch and yoke elm admit of easy and 
thorough preparation, provided the age of the former be not more than forty 
nor that of tbe latter more than one hundred years. The pme, tbe linden, the 

5 lane, tbe service tree, the elm. and the a«pen arc well adapted to this purpose, 
n all trees the sap is the part most susceptible of impregnation, and this part, 
which is usnally considered as unserviceable in constructions, the process of 
Dr. Boucherie renders fit for employment. Tbe same is the case with many 
kinds of wood which grow in wet gronnds, whose affluence in albnmbous enb- 
Btances would, without such preparation, subject them to rapid decay. 

For tbe snccess of the proposed method, it is indispensable that the jnices of 
tbe tree should posBess their fiill degree of flnidity, so as to yield readily to the 
pressure by wbicb the preservative liquid is introdnced. From the 1st of S«y- 
tember, in many countries, but in general from the 16th of that month onwara, 
the vegetable activity diminishes, the Jcaf changes color and soon falls. At 
this period the sap becomes thinner, cireulnKs tdth more facility, and yields so 
much tbe more readily to the antiseptic liquid. Trees felled in September, 
October, and November may await preparation for a longer time, in praportioa 
as they were later cut. The more advanced the season, tbe less is the tendency 
of tbe sap to coagulate and obstruct the vessels of the cellular tissue. In trees 
felled ill October this condition scarcely supervenes before the end of November, 
while in those severed in January, February, and March, provided the boughs 
be left entire, the fluidity of the sap continues till the end of May. In general 
the sap of standing tnva attains its highest degree of tenacity from the middle 
of April to the beginning of June ; trees felled at this season, which is tbe most 
onfavomble, admit only of difficult and imperfect preparation. During tbe 
following months of June, July, and August the process should be applied 



coagulation in the still otherwise tenacious sap, will tend to embarrass tbe upe- 
ratiou and in some cases render it very imperfect. Ab a general mlo it may be 
assumed that the moat favorable epoch for the impregnation of wood is that in 
which the felling is generally considered as advantageous. 

At whatever time the impregnation may be undertaken, it is always of great 
importance to select tbe soundest and straigbteat timber, and snch generally as 
bad not begun to decay and is free from clefts. The antiseptic liquid, on its 
introduction into lbs wood, will take the course where it meets with leaat 
obstruction, and if faolla bko those mentioned exist, will find.'tbn>U2h tbe 
yielding or divided ports a channel of eacape. , _ 1 1 A_iOO'7TC 
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II. 

The meaBores nbove recommeuded mast be observed if the sabseqaent steps 
Are expected to result in sacceea. We proceed now to describe the arrange- 
meats for coodacting the process, which are very simple, and shall confine our- 
selves in the main to those intended for the preparation of railroad sills, merelj 
noticing any differences which may exist in the cose of materials intended for 
other purposes. 

All the logs designed for sills should be cnt into pieces whose length so far 
exceeds that of a doable sill as to admit of the renewal, at the time of the 
operation, of the surfaces at the ends of the pieces where the sap soonest grows 
dense and ohstracts the passage of the injected fluid. For this excess a length 
of 30' is enough if the tree, especially in hot weather, be felled bnt few days 
before the preparation. To arrange the place of operation, we lay on a surface 
properly levelled four beams pandlel to one another, with an inclinalicn ^ 
■j^ in the direction of their length, which length should be anch that at lea^ 
twenty logs may be placed across the beams at an average dtstance of 2' 6" tiota 
one another. 

Along the outer beams channelled logs or troughs shoold be laid for the pur- 
pose of receiving the liquid as it escapes from the ends of the sill-pieces; and 
the two inner beams mnet be placed at such a distance from the middle line 
of the whole construction as to leave between them sufficient room for a channel 
destined to receive a leaden pipe, which connects with the vessel containing the 
vitriolic solution. This pipe is famished with copper taps at distances of 2' 6". 
corresponding with the middle of the sills which are to be impregnated. The 
fluid, which passes throngh the sills and falls into the channels provided for 
that purpose, is conveyed by them into a receptacle below the level of the gen* 
eral stage of operations, whence it may be drawn by a pump, and, if needed 
for farther use, filtered and restored to its original strength. 

The impregnating fluid Is contained in three vessels, which ore stationed on 
■ platform, at least 25' high in the middle of the works, and which are famtshed 
with faucets, issuing a little above the bottom of the vessels, in order that im- 
purities may have room to settle below the vent. Each of these faucets com- 
municates by means of an India-rubber tube with the leaden pipe, which ter- 
minatea at the sides of the vessels in three branches. Near at hand is a purop 
to supply the water required for the solution. Of the three vessels, one is de- 
signed to feed the leaden distributing pipe; the second receives the water raised 
by the pnmp, or the fluid that has been already once used ; in the third, the 
prepared fluid is allowed to rest, that impurities may be deposited. This last 
vessel is connected with the distribatmg pipe as soon as the first is emptied. 

The logs to he impregnated are laid upon the beams and wedged, so that 
their ends shall be perpendicular over the channelled logs or troughs, and their 
direction at right angles with the beams. Whatever may have been the lapse 
of time since the felling of the trees, the eud surfaces of the logs should be re- 
De^ed, that the injected fluid may more readily pass through, besides that the 
requisite length may thus be given to the material. Everything being thus 
arraDged, an incision is made with a saw in the middle of each log to the depth 
of A of the vertical section in soft, and still deeper in hard woods. By means 
of a jack-screw the middleof each logis then slightly raised, whereby the incision 
will be opened, and not far from this incision, in each half of the log, a hole is 
bored obliquely from the external surface of the log through the face of the in- 
cision, which must be carefully freed from any chips or saw-dust In the inci- 
sion we now lay a ring of cord or rope, the outer circumference of which most 
exactly correspond wiih that of the log; but, whilo thus preparing to close the 
opening, core should be taken that the ring do sot descend too deep into the 
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wood and obBtnict onnecesBarilj some of the tabes destiDeJ to convey tbn ant<- 
septic fluid. 

The screw hy wbicb the middle of the log was raised being now withdrawn, 
the log of course Binks, the two side walls of tbe incisiou approach, presdog 
together the included cordage, the circait of tbe opening ia completely closed, 
and thas an artificial reservoir is formed in the midst of the piece which is to 
be impregnated. 

Into the hole, bored as above directed, a tube of hard wood is driven, and is 
fastened to one of India-mbber which has been previously adjusted to tbe cop- 



per taps of tbe leaden pipe, thus establishing a commoni cation between the 
small reservoir in tbe middle of the log and the distribnting apparatus. During 
the preliminary steps, tbe India-rubber tube is closely compressed by means of 
a hand-screw, but when, at the commencemeiit of the process, this ia removed, 
the impregnating fluid flows into the reservoir prepared for it in the log, and 
drives the sap before it through the pressure exerted by the fluid in tbe vessd 

«hich feeds the supply tube. Under favorable circumstances this eflect is 
Btantaneonsly manifested by an exudation at the end of the log, which pres- 
ently changes into drops, and falls into the channel provided for iL To remove 
any included air which might interfere with the process, a small hole sbonid be 
mude with a copper pin through the cord enveloping the incision, which most 
be closed with me stroke of a hammer as soon as the floid begins to issue. It 
wilt also greatly promote success, if in the coarse of tbe operation the incision 
be occaeioDolly well cleansed, and ag^n closed with tbe same care aa at first. 

The sap, waich at first issues pare, becomes more and more mixed with tbe 
vitriolic solution as the process approaches its termination. When this mix- 
ture shows §° (its normal strength being 1°J the penetration of the wood may 
be regarded aa complete, and for pieces of the length of a railroad sill, the time 
in which this result is reached may vary from 48 to 100 hours; all pieces 
which, after the lapse of the latter period, do not exhibit in the centre of the 
end-surface a readily distingaiehable impr^uation, must be turned, and the 
operation conducted in the opposite direction. 

For the preparation of longer pieces, each as telegraph poles, building ma- 
terials, Slc., in which tbe difficulties are greater, it wiU be useful to observe the 
following precaattons: 1. To place the vessel which contains the solution 
higher, in order to increase the pressure. 2. To cleanse tbe imbibing surfaces 
ofteuer, with a view to remove impurities which may gather upon them. 3. To 
elutriate the fluid more frequently. 

The arrangements for operating are like those above described, with the ex- 
ceptioa that here bat two beams, laid parallel to one another at a distance cor- 
responding to tbe length of tbe pieces, and with an inclination of 1 to 8, are 
required; the introduction of the solution will take place only at that end 
which shall give it tbe same direction with the natural sap; tbe artificial re«- 
ervior .constructed and closed as before described, wUf be near the but-end of the 
log, and tbe surface of the incision next to this extremity should be covered 
with a sheet of copper to prevent the penetration and escape of the impregna- 
ting fluid through the shorter section. 

The acceleration of the process depends on the kind of wood, tbe season at 
which it is cut, and tbe ^ective piessure employed. Apart from these, the 
rapidity of impregnation may be assumed as proportional directly to the pres- 
sure and inversely to the diameter and the square of the length. Moist winds 
and snow hasten the process; dry winds and great aridity retard it; &ost alto- 
gether arrests it. 

This mode of preparation has been tried and approved by a nnmber of the 
railroad and telegraph administrations of France. In 1856 more than 400,000 
cross-ties thus prepared bad been laid on the North rood, 8,000 of the namber 
having been deposited as early as 1846. In the former year these latbci were 
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fotmd to be OB Bonnd aa tbey were the day they were liud, and this remarkable 
preserration, which they atiU manifest, leaves no room to conjecture the passible 
extent of their duration. 

Expensire apparatus has been sometimes employed for the purpose in ques- 
tion ; as. for instance, an air-pump, operated by a steam-engine, to exhaust tha 
ait from the wood, and thus facilitate the penetration of the metallic solution. 
Powerful hydraulic presses have also been naed to promote this result. Such 
costly contrivances, however, may be wholly dispensed with. Bilttner and 
Wdhring, of Dresden, among others, bave proposed a process which is at ones 

Eracticol and cheap, and which quickly attains the desired end; their method 
aa been conseqnently introduced in Uie coso of several Saxon, Austrian, and 
other roads. 

This method conBists, aB regards its chief feature, in the exhaustion of the air 
from the vessels of the wood — a condition indispenBable to arapid and thorough 
impregnation, not by mechanical forces, but exclusively by those of temper- 
ature. The whole operation is, in fact, conducted on this principle, the wooden 
sills being boiled for the space of an hour in a solution of metallic salts, and 
then left to cool undisturbed in the same until the temperature has sunk to 40° 
B. The physico-chemical process is here as follows : Through the heating of 
tbe wood to more than 100^, not only are the included gases but also the ex- 
tractive substances expelled, the escape of the former being made manifest, 
throughout the operation, by the rising of large air bubbles, and thn separation 
of the latter by a viscous sabstance floating on the sarfaco of the solution and 
indicating even hj its scent its vegetable origin. The wood, as it cools, bfinc 
surrounded by the solution, rapidly absorbs it to Bupply the vacuity occasioned 
by the expulsion of air— an effect which is aided by the pressure of the atino< 
sphere on the liquid surface exposed to it. 

That the hot way for the impregnatioo of wood is derjdedly preferable to 
soy cold method of preservation would seem to result from the law that all 
organic chemical combinations are more certainly obtained in that way; he- 
Bides that the contingency of protracted rains, which, in the cold process, some- 
times wash away the metallic salts, is thereby avoided. At the same time, 
through the beat and vapor pervading the wood, a coagulation of the albumen 
may be occasioned, which probably, even without the intervention of the metal- 
lic salt, would of itself impart a preservative quality to the wood; for, as has 
been already said, the decomposition is to be solely ascribed to the ingredients 
of the vegetable sap, while the vegetable fibre m its simple state not only 
withstands the influence of the weather, but remains impassive under the sharpest 
reagents. 

After persistent boiling for an hour and a half the boat will be found to have 
thoroogbly penetrated the sill, and the highest rarefaction of the included air to 
have been attained ; consequently the capacity of absorption will have also 
reached its highest puint, which is estimated at 1 J cubic foot = 62 pounds of the 
solution for a piece of wood of | cubic foot contents. It has boon determined 
by many experiments that this is to be regarded aa the maximam of abdurptton, 
which *-iIl not be increased even if the boiling be continued for several hours. 
As a cubic foot, ^50 pounds of the solution, ie sufficient, therefore, for the preser* 
vatiou of a sill of pine wood, and its absorption is effected in one hoar's boiling 
and from six to seven boars' cooling, it is apparent that the same apparatus may 
bo twice used within twenty-four hours for tne proposed operation.^ 

The apparatus in use on the government nulroad of Saxony consistB, in the 
TOain, of a boiler of 10 horee-power, exerting a tension of two atmospheres, 
witb a provision of four pine-wood receptacles, ea<^ llj feet high and 8 wide, 
for every boiler of the above deacriptton. The steam ie conducted through an 
inch-wide tube from the boiler to tbe bottom of the receptacle, and traverses 
the latter through a tube of like width provided with small holes. The pieces 
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of wood to be impregnated are placed perpendicnlarly in the receptacle, with 
the larger end downwards, that the aolntion may ascend in the direction fol- 
lowed hj the nataral gap ; a cover fumisbed with eome openings, and well 
secured, is then applied, and first the solution and afterwards the steam ad- 
mitted; the heating of the sointion will thus be effected witliin two hoars. It 
ia to be observed that, aa the rolnme of the solution ia increased about one-fifth 
"by the condensation of the admitted vapor, a proportional quantity of the metallic 
salt should be added to each receptacle to restore the reduced strength. Each 
of the receptacles ie calculated to receive 40 railroad ailla, of which 160 may 
therefore be prepared by such an apparatus as that above described witMa 
twenty- four hours. 

III. 

The chemical proceaeee which take place in the impregnation of wood with 
the copper vitriol have been explained by EOnig, of Dresden, through experi- 
ments made chiefly with pine wood. As regards the question whether the wood 
forms a chemical combination with the vitriol «{ one of its ingredients, he found 
that the oxide of copper, as well oa the sulphate, is taken up by the wood, and 
that after washing the wood with water a saline base remains behind. If wood 
thus impregnated be closely observed, it ia seen, from the green tincture of pnr- 
ticular spots, that the metallic salt is deposited between the yearly rings of the 
wood in the leas solid parts, and hence ia those chiefly filled with sap- It has 
been further observed that wood abounding in resin takes up much more of the 
copper-salt than that which is deficient in it — oak wood, for instance, being 
scarcely stained by the solution. The woody fibre would seem, therefore, to 
have little or nothing to do with fixing the saline principle; it has been shown, 
indeed, that pnre fibr^— chemically prepared cotton, for example — does not 
combine with it in the slightest degree, but yields it up entirely through repeated 
washings. If, by treatment with alcohol, we obtain wood wholly free from 
resinous constituents and attempt to impregnato it, no color is communicated as 
in the caae of resinous woods, and, by slight washing, the salt is removed. By 
evaporation of the alcoholic solution we obtain, under the form of a resinate. a 
greenish residuum containing resin and oxide of copper. It results from theee 
interesting observations that- the elements of the copper-vitriol are fixed in the 
wood through the medinm of its reein. 

If, with a view to a satistactory determination of the question whether other 
ingredients of the wood may not co-operate in the fixation of the metallic salt, 
wo examine the same wood before and after impregnation, it will be found that 
the impregnated wood contains less nitrogen, and that it is even possible, 
through continued treatment of the wood with the vitriolic solution, wholly to 
extract its nitrogenous constituents ; these will be discovered in the solution. 
In this we find an explanation of the fact that impregnated wood resists decay 
longer than wood not thus prepared. 

The presetvation of wood by means of copper-vitriol depends, under all cir- 
cumstances, upon tim condition that the compound resnlting from the union 
of the copper and resin should more or less completely fill the pore* of the 
wood and invest the woody fibre, thus preventing the access of oxygen, and at 
the same time repelling the attacks of Insects. These facts agree with the 
resolts realized in practice. It has been found that soft wood of loose stmctura 
lasts after impregnation longer than more solid wood, in conformity with tho 
before-cited experiments, which show that the nitrogenous constituenta Ore more 
readily discharged by the copper- vitriol from soft than from hard and heavy 
wood. 

The experiments of Kdnig fdrnish, however, the mode in which the vitriolic 
impregnation may bo most advantageously efi'ect«d. With thin wood it ia 
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gaScicnt, in order to extract tbe albuminous substances, to let it lie for some 
time, frequently moving the pieces, in a. vitriolic solution of 1 lo 3 per cent. 
Thicker wood must be treated with tbe boated solution in wooden or stoue vee- 
BtJs, (tfince metal ones would be attacked hy the metallic salt,) or be impreg* 
nated in the manner precril>ed hy Boucherie. Kiinig thinks that when sorae- 
times the experiment does not lead to the desired result, tbe failure is at- 
tribatable to the mere steeping of tbe wood withont allowing time for lixiria- 
tion, and tbe conaeqaent diachoi^e of unfavorable elements, which is the indis- 
pensable condition of enccees. 

The preparation witii copper- vitriol' has been attended with satisfactory 
Kenlta in the caee of several German roilroada. In iixty, 1849, a commission 
of Fmssian engineers examined tbe pine wood crose-tiea ifrhich had beiiu laid 
on the Berlin and Stettin road in 1811 and 1842. Here the impregnated and 
snimpn-gnated piocee lay close together. Tbe latter were in general wholly 
decayed, while tue former were in good preservation and still gave promise of 
long duration. 

In England the chloride of zinc, which is much cbenper, haa been proposed, 
and with highly favorable indications as regards the result. This process has 
been iried on we Hanoverian railroads, and it was found that sills which had' 
lain for six years in the ground were still fresh and sound. Upon examination 
hy Wobler, it was stated that the chloride of zinc bad penetrated, as well in 
oak as beech wood, deep into tbe material. From external indications this 
would not appear to be the cose, yet here deception should be guarded against. 
In tbe oak wood chiefly a dark tint had spread to the depth of I inch to 1 j, 
and it was thence concluded that the chloride of zinc had penetrated thus far; 
bnt this proceeded probably from a dark-colored deposit produced by tbe action 
of the tannin of the wood on the sides of tbe iron vessel. The mineral imparts, 
in general, no color to the wood, and chemical analysis remains the only means 
of determining its presence. 

The greatest quantity of zinc was found in the beech wood, and in this 
respect no difference appeared in that which had and that which had not been 
steamed. With the oak it was otherwise, that which had not been steamed 
showing a much smaller proportion of the metal. Still poorer in zinc was the 
beech steeped in zinc-vitriol, and poorest tbe unsteamed oak treated in the 
same way. In the latter, therefore, steaming would seem indispensable, for 
only by a thorough penetration of the metalEc solntion can decay be perma- 
nently averted. 

Recently a solntion of the oxide of zinc in wood-vinegar haa been proposed, 
and more lately still the chloride of manganese, which is produced in great 
quantity In the manufacture of chloride of lime, and as an incidi>ntal product is 
of little exchangeable value. The free acid is here saturated with lime or with 
oxide of zinc. 

In North America, wood, especially that intended for ship-building. Is salted, 
afl with us fieah and vegetables are cured for longer preservation. This method 
can scarcely be recommended in our own practice, since, however calculated 
to prevent tbe so-called rol, the prices which we pay under a monopoly place 
the article beyond our reach, considering the quantity necessary to be used. It 
takes, for instance, for a brig of 6,000 cwt. burden, not less than 1,600 cwt. of 
eommon salt, and that is with us quite a capital. The salt might be replaced, 
iodeed, by the mother-water of the salt-works, since great efficacy ia attributed 
to the chloride of magnesium contained therein, which, in a chemical poiut of 
view, is very similar to tbe chloride of zinc. 

It seems highly probable Irom the experiments ot EOnig that all these solu- 
tions of different kinds of salts, as far as they have succeeded in practice, act 
like tbe vitriol of copper upon tbe albuminous substances of the wood, and in 
Iik« manner extract them therefrom. ,.,^. L, 
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H, Vofal, of Bonn, recommeDds the eo-cnlled kreoaote (cosl-tar oil) for tbe 
preBcrratioD of wood. This kreosote conaiets for tbe moet part of (tn etheresl 
oil, with which Btnall quantities of trae kreosote and carbolic acid (phenylic acid) 
are mixed. Its practical examination is easy, reqniring only that the oil should 
be mixed in a graduated crlinder vitb some ten per cent, of a fltroug alkaline 
lixivium, well shaken, ana then left to settle. The liqaid will separale into 
three distinct portions, tbe lower of which is purely an alkaline lye; the middle, 
which is brown, and of tbe consisteacy of eirup, contains the kreosote and 
carbolic acid ; and the npper consists of tbe ethereal oil. As tbe. volume of tbe 
substances employed is known, the qoantity of kreosote aod carbolic acid is 
easily determined. Since it is in these that tbe virtae of the impregnating oil 
resides, this criterion seems well adapted for determining die reUtire valae of 
the latter. It has been stated that Uie coal-tar oil, received as well from Eng- 
land as irom Belgium and France, conttuns a maximum of from eight to ten pei 
Gent, of Icreosote and carbolic acid, whereas tbe preparation obtained from tbs 
photogenic manufacture is much richer in these constituents. 

The presence of mnch ethereal oil in the fluid obstructs tbe absorption of the 
latter by tbe wood, and an eligible method for tbe preparation is to treat tbe 
kreosote with on alkaline lye, nntil, without being decomposed, any desinj^ 
quantity of water may be mixed with it; a certain proportion of tbe oil is sepa- 
rated, which is to be decanted from the mixture. The alkaline solntiui of kn- 
OBOte, which, after the dilution, has a specific weight of 1.05 in relation to water, 
is applied by spreading it on tbe wood. When this applicadon is absorbed, 
which Boop takes place, tbe operation is repeated until the wood is sufficiently 
impregnated. Were the wood thus prepared exposed to the weather, a gmt 
part of the kreosote would be washed away ; hence Vobl employe, for the fix*- 
tion of tbe kreosote, a weak solution of the snlphate of iron, (iron<vitriol.) The 
sulphate of tbe vitriol neutralizes the alkaline menstruum of the kreosote, and 
this, now become free, attaches itself to the substance of tbe woody fibre. The 
precipitated oiide of iron, which entered together with tbe kreosote, is con- 
verted gradually into a hydrate of iron, at the expense of tbe atmospheric oxy- 
gen cont^ned in tbe wood. The snlphate of soda (glanber salts) formed thrae- 
witb is removed by degrees through tbe atmospheric moiBture. Wood prepared in 
this manner, though exposed to every atmospheric alternation, exhibited, at the 
end of eight years, no trace of deterioration from decay or fungous formations. 

Kreosote has been found of great advantage in the preservation of tbe ri^;ing 
and Bails of ships, not only supplying tbe place of tar, but excelling it in iB 
beneficial effects. Tho efficacy of wis operation rests on tbe facility with 
which kreosote combines with organic snbstances treated with lime, ancb as 
skins, leather, &c. ; and in view of this the sails and ropes are first passed 
throngh a weak solution of lime and then through a strong tan-bath. Tbe lime 
is precipitated through the operation of tbe tannic acid on tbe vegetable fibre, 
wbich thus impregnated readily absorbs the kreosote. Vohl observed no rot- 
tenness in sailB thus prepared, after six years' exposure to all kinda of weather. 
In order to promote the duration of timber used in tho construction of bridges, 
it has been proposed to protect those parts exposed to moisture and the atmo- 
sphere with rooGag.felt. 

Eottiet, professor of chemistry in the University of Ghent, has recently made 
many expermients, with a view to discover which it is, among tbe various con- 
stituents of the cool-oil tar, ibat operates most efficaciouBly for the protection of 
wood from decay. His examination extended to the light or ethereal oil, the 
carbolic or pbenylic acid, the aniline, tbe naphthaline, tne insoluble residunm 
of the distillation, and the' green, fluorescent oil which, redistilled at 276'' to 
320°, yields pyrene and pamnaphtbaliae. 

Of these elementa, the light oil and the aniline evinced littlo or no efficacy. 
Wood saturated with the first lasted no longer than die Msw kind withoU it. 
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and the protraction of decny by the aniline might be expresaed as being eqnnl 
only to 6.66 per cent. Fhenylic acid is Icnown to be efficacious in the preserva- 
tion of animal aubatancea, and as the heavy tar oil contains it, the virtae of the 
]att«r was supposed to consist in the amount which it held of the former. But 
Bottier'a experiments do not confirm this conjecture. Coal tar deprived of ita 
phenjlic acid proved as efilcacious as that of commerce, which contains a large 
quantity. Napthaline haa proved very effectnal in protecting collections pertain- 
ing to natural nistory from insects; but the preanmption arising from this fact 
ts not borne out by the experiments of Bottier as regards the preservation of 
wood. It is dfherwise, however, with the heavy green oil ; this evinced uncom- 
mon efficacy. Itremained, therefore, to determine upon which of ita constituents 
the virtue depends. Pyrene and parsnapbth aline, on direct experiment, yielded 
so favorable results ; whence it ia to be inferred that it is the green oil ixaelf 
which operates to the protection of wood from decay. It would seem also, from 
th« experiments, that the higher the temperature at which die coal tar ia distilled 
so mncn the more operative ia it, probably from containing a greater qnantity of 
the oil. 

The fact should, however, not be overlooked that the experiments .just men- 
tioned have been conducted on a small scale, and the reaults have not remained 
nncontro verted. More decisive certainly are the experiments made with such 
materials aa the sills of railroads, as well on account of the size of the materials 
submitted to trial as the parallelism of the circumstances under which the pro- 
cess is applied. Thus much at least we have already learned, that the preser- 
vation of wood, even to the extent which is now wiuiin our reach, is a subject 
which may well excite attention. If we had attained no other result but that 
of being able to impart to soft wood the durability of oak, and hence to eubetitute 
the former for the latter, this of itself would be of great importance, and be 
attended with many advantages to the vanona branchea of industry in which 
the use of wood ia indispensable. 
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CAOUTCHOUC AND GUTTA-PERCHA. 



TRANSLATED FROHTBE "AV9 D 



Through the diBcovery of America and the sea route to the Eiat Indies, thofn 
prophetic wordi of Seneca were finally realized afte; eo loanf centuries : 

"Tenjent umis 
Sfficnlk fieriB, qnibiu occaniu 
TiDcula vemm laxet et iogeiiB 
Fatest tellQB, Trphisqae dotos 
> Delogat orbes, ttec sit teiris 

Ultima ThtUe." 

Not precisely these, but similar dark legends, traditions of a remote agei in 
fkint thongh recognizable lines, shoved the route which Columbus and Vasco de 
Gama were to pursue. It was the fortitude with which these heroes braved the 
terrors of the ocean that eave them the victory. The one unveiled a new 
world, and the other broaght India near to as, a country the charming aspect 
of which had, from the most remote time, kindled the enthosiaem or desires of 
mankind. These deeds soon produced their fruits; the unexpectedly expanded 
view opened a new era, and the ioexbaustible resources which became accessible 
brought about a transformation of society. 

The access to the tropical regions, over which natnre has so lavishly strewn 
its rich treasures, became more and more easy ; more and more of those precioos 
gifts which the incessantly active though always still life of the vegetable realm 
works out there for man, the lord of creation, came to light and took rank among 
the necessities of civilized nations. Centuries have passed and the treasure is 
still inexhaastible — nay, stilt partly undisclosed. The London Exhibition has 
taught us this, ita East India division displaying nnmerooe natural products 
wjiich we had not even known by name. 

The abundance of light, heat, and moistnre within the tropics creates there 
a vegetation of the luxuriance and splendor of which we of the cold north can 
hardly form an idea. The great fertility of the soil allows so many trees to 



grow up near each other that their branches find no room to spread. Thus 
every stem strives to overtop the other, pushing up towards the light, and '" 
from the ground displaying its-crown. Everything is so dense there that d 



can advance a step without opening a path with a «£oppiug-knife. The ground 
itself is not lai^ enough to bear dl the plants shooting up in such rank exube- 
rance ; they themselves form a new soil for others, a soil which thoueands of 
parasites contest with each other. All the fairy splendor spoken of in the 
ancient legend of the suspended gardens of Semiramis is here not only realised 
but surpassed. Here every tree is a true flower garden, rich in its variety of 
tints and forms. Boised high into the air on a single stem, these Boating gar- 
dens look down from their giddy attitude upon the wanderer in charming grace- 
fiilness. With the manifold plants and blossoms that seem to shoot from the 
boughs of some trees, or to root themselves on them, strangely contrast those 
mosses which bang down from the branches of others like immensa periwig 
or horae-lMla. or which, resembling beards, make the giants of the forest appear 
like gray veterans, whose bends the lapse of centuries bas been insufficient to 
bend. But there is no path leading to the splendor of those Inmioons .height* { 
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the traveller mnBt content himeelf with a view from great diBtancc, for more 
than one Cerberus gnard the treaBureB. Theexteroal aspect, combined with the 
aatoniahing fertility and the anperahnndance of prodacta of every deecription, 
en^eBta tne idea that thi) garden of Eden, the pwadiee from which man had 
been expelled, haa there again come to light, for the curse under which man- 
bind groane — " In the eweat of thy brow shalt thou eat thy bread" — seems there 
to he powerless. Bat a shade is inseparable from light ; there are boats of 
terrors connected with those paradisiacal regions, lavishly scattered by nature 
in order to prevent man from easily enjoying his life amid all that maniificence. 
One example out of a thousand will make this clear. T 

Of the varions branches of natural history, botany alone is regularly taught 
in oar schools, which at least acquaints the youthful student with those off- 
Springs of our flora which he meets in bis rural excursions. Many of oar 
readers will remember the surprise they used to feel at seeing a thick, milk- 
like juice profusely flowing from some of the plants which they plucked. That 
juice was in some cases white like milk, in some colorless and dark, in other 
out rarer cases it was colored. Thus celandine, which we generally see grow- 
ing around hedges and on heaps of rubbish, is all filled with a yellow juice, 
while the juice of some varieties of wolfe-milk is rose-colored. To the same class 
of plants belong, among the natives of our soil, the varioufl salad plants, the 
poppy, the daodelion, &c.> 

The nearer we come to the equator the larger becomes the number of plants 
bearing a milky juice, and the greater the diversity of the qnalitiea of these 
various juices. Jnst as the plants themselves mostly belong to the three 
great families of the enphorbiaceK, apocynera, and urticero, in the same way we 
can divide the varions milk juices, in general, into three classes. The first is the 
nearest in resemblance to animal milk ; its taste is sweet, refreshing, and cooling, 
for which reason it is variously nsed by the inhabitanta of those regions as an 
excellent means of refreshment, fint to the pisnta themselves these juices are 
no aliment, as has been erroneoasly bolieved ; they are in this respect by no 
means to be compared to the milk of the animals. The second class has become 
the most important to man. The fatty globules of animal milk are here replaced 
by a peculiar substance, which, like milk, ia prevented from coa^Iatmg oy an 
albnminons matter. Caoutchouc is here formed in the same way as cream out 
of milk at rest, and both possess that peculiar property that, when coagulation 
bas taken place, a separation of the single globules can no more be bronght 
about. The third class, finally, produces the most terrible poisons, which, in 
the bands of the aborigines of America, Asia, and Africa, become the most 
dangerous weapon against rapacious animals and against men frequently more 
rtipacious. 

Every part of the globe has its peculiar plants, which yield the chief compo- 
nent parts for these arrow poisons. They are mostly little known to us, the 
savages guarding tbeir treasures with watchful jealousy. The preparation of ar- 
row poison is a secret of the priests and sorcerers; it is accompanied, as is also the 
gathering of the milky jniees for that purpose, with the performance of sundry 
Btiperstitions ceremonies. He who is dbcovered selling the poison to Euro- 
peans is pnt to death ; the purchaser shares the same fate. If the wound is 
only so deep that the poisoned point of the arrow penetrates to the blood, a 
violent convulsion of the limbs takes place almost instantaneously, which, in a 
few minutes, is followed by death, foam coverii^ the lips of the victim, and vevy 
Boon afW by the decomposition of the body. The wounded man is irretrievably 
lost, for no European knows an antidote; the speedv cutting out of the wound 
and of ita surrounding is said to be the only possible means of salvation. At 
least the natives make use of this means in order to save the flesh of the animals 
Icilled by them with poisoned arrows. Such fiesh is entirely innoxious, in spite 
of tbe immedlste efioet of the poison, and ia daily eaten in great qmuatities bjr 
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tlie Bavogee. It is equally reioarbabte tbat many of the planta eontaining p<^ 
eonoas jnicn yield some of the moBt important meana of EnbaiaMnce in trntae 
legiona. We meDtion here only the airow-root, which, in tropical coontriefl, is 
a sabstitDte for potatoes; the yam-root, which faaa of late fieqnently been pro- 
posed aa a anbatitnte for the diaeaaed potato in oar own coimbriee; and chiefly 
the maAioc, (zatrtipia mamihol,) which is to the natives of South America 
— colored, as well aa while — what rice and the cereals are to the inhabitants of ' 
the Old World. Nay, our own potato ofiers aa example of the same kind. 

The ptanta which yield caontcbonc, now become an important commenial 
article, belong to all the three famiUea above enumerated. The real caontcfaooe 
tree, from which elastic gum was first extracted, is designated by tbe acieatific 
nam6 of tipkonia dattiea, and belongs to the eupborbiacese ; it yields the grmtest 
quantity, but many other trees of tbe same family yield smaller qoantitieB. Tbe 
best caontcbouc is derived from a plant of the family of the apocynese, called 
cynanchum. Further are to be mentioned here, urceola eUutua, Hia^^ a plant 
of Sumatra; vahea gHmmifera Poue^ of Uadagascar ; eoilopkora lUiUa Matt, 
And hanconia tpniota Mart., of Brazil; wiUtighbaa edulu, of India, too. 
Among the nrticeK the varions fig trees deserve particular mention, (^fiau retig- 
iota, indica, benjaminea, loxkariat, F. elatttea, Roxb.,) but besides them sevcfd 
other plants. 

Tropical America and the East Indies are the gnat sources of supply. la 
tbe former it is chiefly the enphorbiaceK. in the latter tbe fig trees, that yield 
caoutchouc for trade; while the plants of the family of tbe apocynen are mtbw 
common to both. Aa soon as the Oancasian race will grant the unhappy inhab- 
itants of Africa the right of bemg men, rich sources will also be disdoaed in this 
part of tbe world. 

The genuine caoutchouc tree was first deeeribed by Anblet, under the name 
of hetiea guianeiuu; but its blossom and fi;uit parte were not well known to 
him, they being first made known at a later period, by Richard, whose merita in 
making ns acquainted with this useful plant were, however, subsequently paaacd , 
over in silence by his own son. Wildenow subsequently referred the sps- 
cies to the genns tipkoitia. This tree grows sixty feet high, and about 
three feet thick; its wood is white, sad its bark, especially on its very wida- 
spread branches, thin, grayieb brown, and smooth. The Indians make long and 
deep incisions, reaching the inner wood, all around the tree, from which, tlte 
wound being kept open by a amall wooden wedge, the milky juice flows sponta- 
ncoasly*and profusely. To promote its drying, they moke it Sow in thin layen 
over moulds of nnbumed clay, mostly of the form of round and short-necked 
bottles of varions sizes. Tbe coating is repeated tmtil the required tbickneas is 
obtained ; the drying process is facilitated by fire, tbe smoke of whidii gives a 
black color to tbe gnm; tbe moulds are then crushed within and removed in 
pieces. Formerly elastic gnm used to come to na in strange shapes of birda, 
quadrupeds, &c. ; now we receive it mostly in large plates, or blocks, or also in 
a fluid al«te, in hermetically-closed jars. 

The collecting of the milky juice ia done by tbe Indians with little can ; die 
gum, therefore, contains many heterogeneous substances, which are an impsdi- 
ment in its elaboration, la general, the price of the article varies greatly in tbe 
regiona that prodnce it, being detennioed br tbe quality of the merchandise, tbe 
eize of the pieces, and tbe quantity brought to morkeL The commiasiou Mot 
by several Oemmn princes to examine the region of the Moaqnito coast bongbt 
fifteen pounds of caoutchouc for five pence, (En^isb.) Other natural ptodnctSt 
like sarsaparilla, the collecting of which requires less labor, offer more gain, ud 
thns the Indians, whose wants are easily satisfied, attach little valoe to elaotio 
gum. But for this circumstance the exports from Ajnerica would bd eonsideraUjr 
laiger; a ringle nun can collect sixteen pounds a dayj howerer, man than 
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tbree or four potmde is ntrel; ^thered. The inner bark of the tree ia lued hy 
tbe Indians for the prMtaration of srticles of dress. 

The gennine caoutchouc tree is found ererywhere in tropical America, from 
Mexico to Brazil. It chiefly abounds, however, in the extended plains sonth 
of the Orinoco, whicb are covered, so to say, by one primeval forest, and across 
which only the rivers, and especially the Amazon, can serve as roads, and in th« 
nnmherleBB low islands enclosed hy the exceedingly wide estuary of that eiganUc 
stream. From this region caontchouc is also exported in the form of shoes, 
mannfactnred by the Indians, who, for that purpose, make the milky jnice flow 
■lowly and repeatedly over tbe neceBBary monlds. Besides, considerable quan- 
tities are gathered around Quito, on the Mosquito coast, in Oniana, in the island 
of Mauritius, and in Brazil. 

In the East Indies, the fig trees are predominant. Tbeir nnmerons spetnes, 
which chiefly form forests in low localitiea, invest the vegetation of the islands 
Bitnated in the Indian Archipelago with a peculiar character, manifesting itself 
in their closed and sombre appearance, the density of tbe forests, and the moistnie 
Mid dampness of the air. The stems of the trees rapidly develop themselves, 
and are remarkable for their hnlky thickness, their irregular growth, and the 
wide spread of their intertwined branches. The wood, however, is soft and 
spongy, and a multitude of parasites and creeping plants spread a living cover 
over the bark of tbe stems growing out of the mouldering ground. Nnmerons 
hosts of apes leap to and fro, screaming and howling, over the high branches, 
and the thickets are all enlivened by the varied carols of the birds. 

Already, when approaching the Straits of Sanda, the traveller finds a liill 
compensation for the weariness of his long voyage, and tbe view upon tbe coast, 
teaming with vegetation, surprises him the more pleasantly aa he still remem- 
bers tbe Bpareely- covered heights of the Canary and Cape Verde islands and the 
bald summits of the African table monntains. The nearer he approache^i tbfl 
livelier becomes his desire to enter the scene which so charmingly opens to his 
eyes. While Borneo is covered with forests displaying in the highest degree 
tfae character of equatorial exuberance, and Sumatra presents the aspect of a 
poriect tropical wilderness, Java, the finest of the Sunda isles, deserves the 
prize of beauty. Here the vegetable kingdom can be seen in its perfectly pure 
form ; here more plainly than anywhere else can we see what the undisturbed 
power of v^etahle growth in tropical climates, aided by a combination of most 
^Torable circumstances, is able to achieve. In no other part, probably, of the 
■ eaetera hemisphere is such luxuriance of vegetation to be mot with. Tbe whole 
island is a hot-bed reposing over a hearth of subterranean fire, still active and 
everywhere manifesting its activity. Just at the foot of the volcano Merapi, 
rising to an altitude of 8,000 feet, vegetation appears most powerful. Hundreds 
of species of trees, among which there is bardJy one falling abort of a hundred 
feet, fonn the high arched primeval forest, towering over u rich, spongy soil, 
covered with an endless muttttade of mushrooms. Among these trees the 
nrticoK, or fig tree, are, in general, the principal figures. 

Forming a continuation of the volcanic chain of the Sunda isles, there is 
another range of volcanoes, which takes a northerly direction : it is that of the 
Moluccas and Philippines. Chiefly in the latter islands, one of which, Luzon, 
is covered with a. dense range of Tolcanoea, the goi^oua magnificence of the 
equatorial zone is fiilly displayed. If we there ascend the monntains, we per- 
ceive in the forests the powerful fig trees, around which luxuriant parasites ^ud 
a dense trellis-work. 

On the Indian main land, and chiefly in l^irther India, under the perpendicu- 
lar rays of the sun, nature displays its fbll strength in developing the vegetable 
vorld. And, again, it is the nrticen, together with terebintlw, nu^nolios, gum 
trees, with lai^ resplendent leaves, hairy silver trees, palms, bamboos, and 
similar plants, uiat produceatheatreof vegetation entirely new to the European. 
14 8 
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It is true we find in oar bot-hooses the repreeentativeB of the plants which 
yield ua caoutchouc, but we eee them there only in a more or leae Btinted con- 
dition. However carefully we may rear and guard them, the animating glow 
of their native enn cannot be replaced. As the Enropcan becomes another mail, 
if he does not entirely degenerate, in a tropical climate, so the character of those 
plants becomes altered in our artificial bot-houses ; they yield no caoutchouc, 
their milky juice containing only a substance which greatly TCBembtee owe 
mistletoe gine. And this proves that the burning eim of the tropics is a prin- 
cipal agent in forming caoutchouc. 

It is not exactly known who first brought elastic gum into Europe. Gener- 
ally, it is believed that it was the celebrated French savant, la Gonaamine, sent 
by the French Academy to South America to partake in the measuring of 
degrees of the globe. On his return, in 1736, ho is said to have spread the first 
knowledge of it. Later, in 1751, he more fully communicated his observations 
on the subject to the Academy of Paris. At that time elastic gum was etill 
regarded as a great curiosity, to be found only in museums. The Fortngueea 
were the first to introduce it, the commercial houses of Lisbon selling it under 
the name of bococko. In the far east caoutchouc was discovered by a company 
of soldiers who were compelled to cut their way with the sword through a forest 
of Prince of Wales island. They were surprised to find their blades covered 
with a glutinous substance, which proved to De caontchouc. To Dr. Boxbn^h 
we owe the first botanical description of the first East India plant, ( tjretota 
tlattiea,) from which caoutchouc was derived. 

For many years it was turned to no other use hut the effiicing of lead pencil 
marks. By degrees, however, the most importaut property of the horaencd 

ELant juice, its uncommon elasticity, became better known and nsefiilly employed, 
n 1790 elastic bands were already manufactured ; the art of softening caout- 
chouc and forming it into water-tight textures hud been learned. In 1791 
Grassert made caoutchouc tubes by twisting fresh-cat pieces, in the form of a 
screw, areimd a tho -n. lu 1820 Stadeler extended caoutcfaonc into fine threads, 
which were spun and woven into elastic textile fabrics. Later still, Uackintosh 
brought to market chose water-proof fabrics which bore his uame, and which, 
in a short time, made the tonr of the whole civilized world', but just as rapidly 
fell into disfavor, the tightly-fitting dresses ma^e of them proving to be incon- 
venient. For, in the same way as tbey kept off the rain, they also prevented 
the passage of the exhalations of the body, so that he who wore them for some 
time became wet even without rain. 

That people also knew how to make use of caoutchouc in a different way, 
appears from Seume's " Walk to Syracuse." " Fine water," toy* he at one 
place, "is one of my chief favorites, and wherever opportunity offered I ap- 
proached and drank of it. You mnst koow that I am not so Diogenes-like in 
the matter as to drink from the palm of my band, but that I nse on my pil- 
grimage a flask of gum, which is clean, keeps well, and can be made to assumo 
any shape." And again, when speaking of the insecnrity of the high roads: 
"There is little reconnoitring with me; my hammer and my gnm flask viR 
tempt few robbers." Bnt it is nndonbtedly the chemiB|a that turned the elastic 
gum to best advantage. We can aay that it became indispensable to them. 
The successes achieved by that science since the end of the last century are to 
be attributed, in part, to the use of the apparently unimportant tubes, a few 
inches long, which the chemist so easily manufaccures out of that gum. With 
their aid he makes gas conductors air-tight, and prepares many a complicated 
apparatas. This importance of the elastic gnm is owing to' the property of ad- 
hesion to each other residing in its fresh-cat surfaces. The chemist simply 
places a small piece of a thin sheet of caoutchouc in such a manner over a glass 
tube of convenient diameter that the two edges flatly overlay each other, and then 
rapidly cuta them off with a sharp pair of scissors. If the cut edges do not 
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touch each olhpr be presses them carefnlly together, and ihp tnbi^ is done. The 
value of those tubes is enhanced by other chemical properties of th" Bubstance, 
which is maenaible to the inftnencea of many acrid liquids and vapOM. Chlorine 

gas, hydrochlunc, and many other acids and caustic alknlies, do not nffect it. 
loncentrated sulphuric acid causes a carbonization of its surface, but a further 
decomposition only at high temperature, sulphurous acid bping evolved, and 
the gum ASBuming the softness of resin. Nitric acid makes it y<^lov, and, after 
Bome time, Boft. In the fuming acid it dissolves, evolving carbonic oxyd. But 
a mixture of concentrated sulphuric acid and nitric ai'id acts moit destm^'tively. 

The common solrenta exercise no influence on caoutchouc. The solution of 
this substance was, therefore, a long time an enigma to chemists, even after Mac- 
quer's pretended discovery in 17G8 of the key to it. It was PellftiT who first 
indicated tho right way of doing it. Having been softened in hot water, 
caoutchouc is solved by ether freed from spirit of wine. Wi:hout thi^^ precaution 
the substance is only softened, as it is oy petroleum or spirits of turpentine. 
At the same time the substance increases by swelling evi-n to thirty times its 
Tolnme. It ie an easy matter to blow the softened flasks into a considerable 
aizo. Mitchell expanded a caoutchouc bladder of the size of a walnut to fifteen 
inches diami'ter. He prepared such balloons, some measuring six feet in 
diameter, which, being filled with hydrogen gas, serve as toy balloons for 
childr'-n. Our of those balloons having slipped from his hand, camn down to 
the ground only at a distance from the town of a hundred and thirty miles. Bat 
CAAQtchonc swelled in rock or turpentine oil can bo so much extended by the 
application of heat and mechanical means, larger quantities of the liquid being^ 
gradually added, as to appear dissolved. The caoutchouc membrane, however, 
irhich ie left after the evaporation of the solvent, has the inconvenient property of 
long remaining sticky. To remedy this inconvenience, Benzinger bas by acci- 
dent discovered an efficient means, not yet widely known, in the admixture of a 
Yen- small quantity of a concentrated solution of sulpharet of potassa. 

Better solvents for caouichouc have lately been discovered. Such are- 
chloroform, sulphide of carbon, and chiefly those carbnretted fluids which are 
derived from the distillation of tar or of caoutchouc itself. In one factory at 
Greenwich. England, about eight hundred pounds of waste caoutchouc are daily 
subjected to dry distillation in iron vessels. When this operation is not carried 
too far there remains a greasy mass, which retains this property, and cSeclualljr 
withstands the influence of the air and water. For this reason it is used in 
England for the purpose of saturating cables, and thus rendering them more 
doiable. A similar greasy mass is gained by melting caoutchouc at a tempera- 
ture of 125°. It swells and bums with a bright whitish flame, so that in 
South America caouichouc is used for purposes of iltuminatioa instead of candles 
ajid torches. 

In the mineral kingdom, too, substances are fbnud which in th<-ir external 
properties greatly resemble caoutchouc, but resist the power of solvents stilL 
more cffectaally than the v<!getable material. A similar substance can bs pro- 
duced artificially by exposing thin layers of linseed oil to the air for six or 
seven months. 

Ab early as a quarter of a century ago caoutchouc had become a branch of 
industry of some importance. But the Bnglish imports of the raw material 
show that it was still resting on an uncertain basis. While in 1829 about 
100,000 pounds of elastic gum was imported, its consumption in the following- 
year reached only half that amount. In 1B33 a duty was paid upon no lesa 
than 178,675 pounds. The propertieaof the raw material itself greatly restricted 
ItB manufacture. The use of the articles manufactured was changeable and 
Umited. By moisture and cold gnm-elostic partly loses its elasticity, and be- 
Gomee hard, but it is softened by neat and compression in the hand. Many an 
article that was very useful in summet had to be put aside in winter. The 
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removal of tbis incoDveaifDce gare ftu expansion fonnerlj antbongbt of to this 
branch of induBt^, which became manifest at the world exbibitiona of London, 
New York, and Paris, in 1S4'3. The' importation of caontchonc into England 
amonnted to 750,000 pounds; and about the time of the London Exhibition ona 
South American port alone exported yearly no leea than 4,000 handred-weighL 
By what means this rapid change waa consummated may be described in another 
plate; here we find it more convenient to introduce the lately discovered com- 
panion of caoutchouc. The manufacturing processes of both are almoat identical, 
and are therefore to bo treated in conjunction. 

Dnrit^ one of his travels in the East Indies, Montgomery, Horgeon of the Sin- 
gapore Kaet India Companv, entered into conversation with a Malay laborer. 
While talking, he observed the handle of a hoe, and he heard with snrpriae 
that its substance, however bard it appeared to be, could be softened by 
immeision into hot water, and could thereupon assume and preserve any desired 
shape. The experiment being immediately made, the assertion of the Malay 
was fully confirmed. On further inqniry that excellent quality of the subataQC« 
in question was fonnd to have been long known among the nations of Java, 
where it was nsed for manufactnring ennes and handles of whips, aa well as of 
various other implements, and especially of kuives and daggers. Montgomery 
was induced to send, in 1 843, various specimens to London, and to call public ai- 
tentiun to the manifold uses of which the thus examined substance was capable. 
His words were more dnly noticed than those of D'Almerida, who about ten 
years beiore had sent a similar freight to the Asiatic Society in London. The 
Society for the Encouragement of Arts and Industry bestowed a gold medal 
on Montgomery. But gutta-percha was at the same time also discovered by 
I'homas Xobb, who, in 1842-'43, made a botanical journey through the East 
India ialands. 

The new, but now already so well-known enbstanco, fs also a dried milky 
juice, in many resnacta resembling caoutchouc, and, thereforo, considerably 
used of lato as a substitute for it. The Malay name, gutta-percha, is appliea 
by the natives to an inferior sort, derived from a tree as yet Dnknown to ns, 
probi^jly a species of fig-tree, while our gutta-percha is c^ed gntta-taban by 
the islandera. 

The mother plant was for a time unknown until Osley sent to Hooker, in 
England, some hlossoming specimens from Singapore, the principal place of 
exportation. The parts of the plants were enclosea in a gutta-percha box, and 
reached thus well preserved tbe nands of the botanist. He rccognixed the plant 
to belong to tbe genus uonandra, lately introduced by Wright, and to the 
family of the tapotaeta, and gave it the name of uoiiaitdra guUa. Here we 
mnat remark that gutta is not the latin word for " drop," but a Malay word do- 
■iguating " tree's aap." 

The tree attains an altitude of forty, and according to some even of aixty or ' 
seventy feet. The stem is straight, and of\en from three to six feet in diameter; 
its blossoms, four in a bunch, are small and white ; the fruit is sweet, and yields 
a fat useful in tbe preparation of some kinds of food. The wood is soft, fibrous, 
and spongy; it contains numerous oblong cavities filled with tfae milky JuIl-o, 
and forming broad streaks. Unfortunately the way of procuring gutta-percfaa 
is exceedingly crude. It is not done by making incisions in tho trees, as is tha 
case in gathering caoutchouc, but by felling the stem, some grown to an age of 
from fifty to a hundred years, peeling ofl' the bark, and collecting the milky 
juice in a trough mode of the stem of the mtua paradittaea, in cocoanut shells, 
&c. The juice, when spread out in thin layers, soon becomes solid in the open 
au' ; larger quantities are thickened by heat. The yield of a tree is said not 
to exce^ thirty pounds. 

Although the tree abounds over a vast extent of territory — in the island of 
Singapore, m the forests of Jubore, at the extremity of the Malay penmania. 
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in Bonieo, Sumatra, and all the nnmeroae ialaods of the Btraite of Singapora 
and tbe Indian Archipelago — the destruction of the etema, (270,000 in all,) caused 
b J the rapidly increaBingexportation — 32,^25 poande in 1S44, bat already 25,533 
cwt, in the following three years — gave rise to aerious apprehensions. And in 
&ct, the exportation itself seemed to decrease soon aft<.>r, for, after reachine 
11,114 cwt. in 1846, it amounted only to 8,091f cwt. in the following year ana 
a balf. It appears, howeTer, to have since somewhat increased. 

Be this as it may, warnings were sent oyer from England to treat the trees 
more saringly, and to make incisions in, instead of felling, them. Frequent 
complaints were heard that in India people believed the primeval forests to be 
inexnanstible. That they are not so, and what peroicions conseqaeuaes follow 
their devastation is proved best by the example of the West India islands. 
At tbe time of their discovery, these were all covered with the finest forests ; 
now fine forests are only to be found in tbe larger islands, which owe lo them 
their abundance of water and fertility. The smaller islands, however, tbe forests 
of which have been recklessly destroyed, snfier from drought, and in p^t possess 
neither springs nor brooks. There is scarcity of fnel all over tbe West India 
islands ; in Cuba the sugar pans are heated with orange-wood, the sugar-cana 
not being sufficient for the purpose. TbOugb this example speaks loud enongb, 
people in the East Indies have no ear for the warning, and seem bent on repro* 
ducing there the deplorablu condition of the West ludia islands. The earnest 
entreaties from England remaiu unheeded, and tbe well-known botanist Seo- 
mann informs us that be could discover no gutta-percha tree even around Si^^ 
poro. At some places the tree is grown by European settlers in gardens. The 
coasts of the Indian Archipelago, too, are already greatly dennded, while trans- 
portation from the interior is connected with great difficulties. 

Gutta-percha is brought to market partly in a liquid state, partly in small 
alieea, or kneaded into blocks and rolls, in the cuts of which the layers are dis- 
tinctly visible of which the whole mass is composed. In this case it is solid 
and l^rd, but still easily receives impressions by the nail. Tbe color is more or 
less reddish brown, owing to pieces of bark contained in the mass. This con- 
tains, besides other substances, parts of plants of various kinds, sawdust, 
earth, &x., admixed with dishonest intent, and sometimes amounting to a fourth 
of tbe whole, especially as the trade at the principal place of export is almost 
entirely in the bands of the crafty Chinese. • 

Gntta-percha, in itself, possesses little, if any odor; but it often smells 
' Strongly, as of rotten cheese, or of something sour, on account of admixed 
snbstancee in a state of fermentation. At ordinary temperature, 0° 35', it is 
hard, leathery, solid, and strong, so that, for many purposes, it is preferred to 
wood or born ; it is tough, very stiff, and little elastic, so as not to resume its 
original shape after much bending. At no temperature does it possess the 
elastic ductility of caoutchouc. It offers a considerable resistance ; its solidity 
has been tried by various experiments. According to MacCayan a piece one- 
eighth of an inch thick is torn only by a pressura of 50 pounds. Payea put 
gradually increasing weights upon a very thin gutta-percha band 7J" long, 
1" 4 J'" broad, and not fufly y^^"' thick, until it tore ; this took place under 
a pressure of more than 4^ pounds, tJie band, in tbe meanwhile, having ex- 
panded to 1' 1^', that is to say, almost to double its length, FermantoT bos 
jbond that every sqnara line of the diameter of a gutta-percha band could bear, 
before tearing, a pressure of 25 pounds. The tine of division marking where 
At elasticity begins to be tasked, would, according to these experiments, foil on 
fiv« pounds for every square line, or 720 pounds for a square inch. At a higher 
temperature, by which gutta-percha is softened, tearing easnos much sooner, 
and tbe latter, therefore, froquently proved a failure when services were de- 
manded of it which did not agree with its nature. 

Tbe most remarkable peculiarity of this substance, which maku it appro- 
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i'(H)tii|><ixitiiiti in hicTi^wuii It'-at and i(« com pu^i lion are «•'-':■«- t^ itM^ -z^ that 
■niiiiiiric'', I<ikit it it cm-imi of ou-bidui of bydm-rro. Tt-f lin.- - i/gf 
wliltli liiiK liii-n fonnd in analyzing it wa« probably recrired fi -a 'Ji-; li cirag 
til" imrityiMj; otMrration. Tins article of trad* bat fn4)iieD:'T U*= -i:.r_T«ed to 
r-li>'iiii>-iil cxiirritn'-iilH, but wn cannot say tbat a clear revnit U»* t»rt^ rlitiirA 
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til" |ilii1ii n-m.iiim fli'Xibln. Afti^r years the whole gnriace appcaw !• i— |jin:ly 

flfttyiuli liltli', mill iiiiiiisr thi! microwcope can be perceived an eirv-vLr.^lj thlo 
piyi-r r.f vi-ry tUt<; wliiUt, lilllii dutB. A higher ttrnperainre, to which ih-^ pau- 
|Hii'i'liii lind I'M-ii i-xjHiHfil, greatly promoUM this alteration, and then-fore ibe 
ditilti'i' niiitn nufViT by il moKt. The phyHJuil property resulting from thi^ cbai^ 
III lliK miil'iiito la iinlDWnrlhy. Uricbang<-d giitta-percha is a gi»d in^nLitoroi 
i<l(irh'ii'iiy, mill <>r<'i>i>iiM m) Iuw n rank in the itctile of electric affi-ision by rabhing 
Ml III I'i'iiiilii NtrriNgly tiegiUivo wliun rubbed by almost any snbdiance. Only 
1(1111 ruihiJi iktiil i'li't;irlc-|)iLpt!r make it posilively electric. The chang<ed enihee 
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illiiiii'iiiil*, ikiiil I'lirx. lliiiice we hmrn the remarkable f.icl that we possess in 
ff»Uii |ii'r'['liii rt pliUi'i min plane of which — the blue — when lightly rubbed with 
ihii liiiiiilr will) lliii'ti, gliMH, rock cryatal, the ktrb of a feather, or flannel, 
ili'Vi'liip* ii'iriiiii priniilvii, anil the other — the brown — iuteude negatire elvc- 

iHi'lty wl K-.liiK Lhrouijh tlii' niime proci;B«e<i. ... 

l)iiixiliii't' lliiiln tli« ciiiiKii lit thlM change ot durface, which resembles a eimilir 
ihii Hiirliieii iif ripe plums, in the attraction of wjter from the 
liiiiK-piii'eliit, ih^privea by cautious melting of all water, of which 
liihiiH H<imt< li-Vt per cent, in the process of formation, and there- 
at '■ ''"''^ bi'uwn eotor, is soon covered, especially on ita cut planes, 
_ t-'ii'y I'litting; while this does not take place, or does only a great « 

^-*'_^_— a ll ihii tinht-browii substance, which has not been rendered aohy- 
~ Iri'ine a di'gree, except when, and only where, it ia traversed by 
illl. It ia a ([uestion whether the chai^ of color is a consequeDce 
^^ _ iviilion of water, or rather attributable to the influence of heat, 
l^^^^hitiiKii of the substance Itself. 

~lt Is likely that the change of the gutta-porchs is caased by a se- 
impoiieiit part of the mass by the ia6uence of air and beat 
, positive irritability of the altered eurface, which we Cud in 
I'talilif Hubstanc<.\ ia an indication that the process ia connected 
" kinds of resiu which Payen has obtained from guttapercha, A 
into the question, especially in the indicated direction, would be 
ly thus could we diacovar the causes of the unfortunate tranafor- 
ita-pt-rcha into a very brittle mass, a change tioticeable chiefly in 
Uiuuufuctuted out of thM Bubstauce. ^> 1 
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Giwutefaouc and gntta-percha can be easily diitinguished from each other. 
First, tbej are entirely diffurent in their stracture. When gntta-percha is 
rolled into thin sheets, or drawn into stripsi it is like a fibrous substance, which 
is not the case with caoutchonc. A tJiin strip of gntta-percha can be cod- 
eiderably stretched in one direction, in that of ue fibre, but it tears at eyery 
attempt to stretch it obliquely to that line, while caoutchouc is easily stretched 
in eTeiy direction. When thin sheets of both eabstances are examined in 
their relation to light by means of polarization caoutchonc shows little, if any, 
change of color, while gutta-percha offers fine appearances. The latter seems 
to be constmcted of prisma of the moat variegated color, which appear to be in- 
terlaced in each other. ' 

In a chemical way, too, the two snbstancee can be dietlngQiabed from etch 
oilier by means of chloroform. Gutta-percha is disaolved in it boiling ; it yielda 
DO ether from the solution by distillation, but an alcohol in the form of a white, 
ductile, not eticky membI^anQ, and auch ia ita residue after the eTaporation of 
the solcent. Caoutchouc, on the other hand, swells up in boiling chloro- 
form, and only when the jelly baa been divided by chemical means, perfect so- 
lution ensues in the further process of boiling. Alcohol acts here as a meaus of 
distillation; the caoutchonc is secreted as a coherent, not as a si ic Icy mass. 
In this way the two suhstaaces can be detected even when mixed together. 

Of the formation of these two vegetable substances we know nothing, and 
neither do we know more of the part they act in the organism of plants. In 
order to avoid the difficulty, they are designated as secreted matter. 

When Montgomery sent to London the first apecimena of gutta-percha he 
chiefly recommended it for the purpose of manufacturing surgical instruments, 
as those made of caoutchouc would soon become aol^ned and glutinous. It 
was, however, soon found ont that the excellent qualities of gutta-percha render 
it, much more than caontcbonc, appropriate for a thoosand other uses ; it eape- 
cially promised to become a substitute for leather, ehowing none of the disad- 
vantages presenting themselves at the application of caoutchonc for the snmo 
purpose. Besides, it ia not subject to wear and tear ; and when the shape into 
'which this pliable mass is coat geta out of fashion, it baa only to be put into 
hot water in order to be tranaformed, or used for something quite different. 
Although knownonir for a abort period of time, it is already used for the mann- 
1 tfie , - ^ . - - .- ., 



facture of ao many thtnga, and the ways of manufacturfng it o 
that it will be difficult to preaent here a true picture of the whole. 

The operationa uaed in working these two substances are common, in part. 
The first is that of cleansing them from foreign admixturea, the black Java 
caoutchouc, particularly, containing a considerable multitude of small stones 
and vegetable particles. At the purchase of caoutchouc the quantity of water 
it contains ia, above all, to bo taken into account, that admitting of deceitful 
angmcntfttioQB. For not only is thereby the real value diminisbod by a fourth, 
bat it also loses considerably of its toughness and dnctility, while its whiter 
color apparently indicates a better sort. 

The cleaning operation ia executed partly in a mechanical and partly in a 
chemical way. The mass passes between two taming cylinders, corrogated, 
overlying each other horizonally; this removes the stones and similar sub- 
stances. In order to make this process complete the rolled sheets are washed 
in lye. A large number of these leaves are pressed together in a heated 
cylinder, which gives them great uniformity. When in largo plates caoutchouc 
ia put under a hydraulic press, where it ia subjected for six or eight days to a 
severe pressure, at a temperature of from 45° to 50". When very thin sheets 
are m be obtained, the heated mass paases through a rolling machinery, the 
hollow cylinders of which are heated to a temperature of 100°, by means of 
steam or of hot iron bars, and which are gradually placed tishter and tighter. 
The mass being very adhesive in heat, sbeeta of every length can be obtained 
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hy rr-»b additiotu to it iannf the proem rf wEa^ Ii 
l>« j^rm-wjUai rpta Micldo^ u, t*eb other, ih^ mrt. Wi«. b*- 
j.LM*f| iota <- Jd wcuT or HtreMr* orw far UJc yvo^ W^ 
ii-»iur« w c«v<rr«d with thva on one f ide. «od ifcai ».-^ _„ 
i*,mi-l^,ue «od i^.uu.,, ^i^e to Mdb Mhrr. iL» T,-.,dffir ^'., — =»= 

«Ik«. W-jf'^'^. wfcile b«M«<]. the MOTiWbcmc rfit*-^ i«-iiw >-~^- — ^ 
w i)<«t 111 iLu *•/ vwVku oi,«ii]«, b«gM. A«_ rf »j tiaaiSHDfc -a: ■:.. 
b« mautdiuAut^ of liprm. TLi* p,^,p«rty lude Bi^m^ ,«ir^ :;_c 
e-jJ-J •'K,u A, w,il««t ua«r.. Aec-^rding (o bim, inr.**i rf i^bc -.rt^ - 

l'IiU«i (rf KMoaleh-ne ud gatto-pnchs are ewilr cK inti arrmn kii - 
U*- '/ my tlikku*« bjr t.'o .|Hrd U«U of » oioliw e^ine- lysine. " 
wfdM- u, bu'MiiMK thu wturiag of cvmurhoae tbnakde. i»er n ,^;„ „ 
*t«t« \,y MU^cbiug wid e-wlijiff. The fioi^b-d t*iiaiT behi kHM i. • -« 

wwf K""*-K":t« can id-;. I« drawn into rery fiuc onifona'jirt^tt- it b—bf 
• diMW,,.,! ,r.M, Oir. nwurriaJ b^.i.f iw«IJ^ up in taJphBTWioC cvm^ am. 
ii,g io. w,«i,m^ rf dW.L-,1. ThKk it,r«d* «n be ^trruh^ imr ani 

W« UM^iiu^ir l-rnpjj, and wll*™ tu:U>:d to • tMD[>er»tttre rf !«•= A-r T 

ikM U(i|0li -,bu„»rd b/ «fK*bing. After eo.,l..'.g, ib* uatc pTwi-»"r 
tuul ni^nw \m K^K»tM. naril iIm; dwiirwi thinMM » obuiotJ. Afia- i 

tiii</iu, fur initunor, iJm; Im^nb ubbdbi^ m Atnad; lik* l(j g^s m i -„ 

lb.: wiKiiul b.ojfib. huib ibjn Oirsad. of go tta perch. «« wk^^^^^ 
rt^^u^ud>^ « twin* ,« >„i„je gwd.m*™. Tb*ir pliabOhr^ fet^ « 
•«',<. i.b.ii«. I-Uiiin;;. derir.J fr«m ibm m«i>i u> be htdcsMaft^ 

W(i«u e««u-b-«u; w to be n^ M d<,B;ai w ccmeirt. ii i« fim ^ar » iwd 
tu .J>.,ul d«ubb. ,U wdgbt *>f tU mJt«.i. ««j ,he >Ut i. iJ« «ArfIr. 
m*.;biwr bjr w=«w rf«^«r»I eylindem. Thi. mi« wrr^ riifcer., ri-t w. fee 
tmlfliMj;. imbBiMauf«cmf»:i>feibin<-twM>i.»^fnnricjlinjU"i i Trf ■ 
tmrtJuu nwKH.!. «at«r.pn.rf: or t» ure ibcn from noiftnre, ««, for - 
tb« »•!«««*/« uf baildin^*. After the example of Engiand. GetVB 
too, a*« CMMitclunu:, iu«u^ of saimsl gloe, to greti «dTaat«re. 
UMu^U known nnder tbe name of Buiroe pine, hu ertnSd »«. cuvucu 
ijiMlitKro, «p*etdiy in joinU of wood and metals ezpoaed to wmtrr as wvU 
«. 6,r t«Jki..g pn^K*-*. A wlotion of eaoolehooc and npesMd oi whid, 
i,imi,rimof tW foniwr only a one-handrwiti. pan of iu own WS,L b w«d as 
Cr*«*- fif iwru of maehinea e.p.>*ed to «i«**iT* frirtioti. Wh^ dakrf Gnw 
fa a-bJ.:d to tb« jioften«d dum -bwh e*>nicbooe Tield* «t a temperatare of glO' 
•n *.«-! «.t wWin-proof cement i. ok^ned. Tboa^ wngh. thTmaaa ^^lina' 
*"**"'''« !'"/«"*/ " admutnie of yennOlion ia, therefore, necemrr when 
aryinK op ia dMired, ^ 

A .--Ifflli-rti of caonlcbouc and gntw-perehi. haa Tarioaa naefii] applications, 
Mmm^ Mb.;ra ftw coating ranotu «ab«tanm< in order u make them wato^ 
proof w to aave them (mn the iodnenee of watw and air, aa, for inemnc*. in 
tlie tnannfaclnre of leather, aboe*. and boou, leuher and hemp baca. corSffo. 
Im. a aolwioo of gnita-percha in chJrtmform is more aervi^hft in cor^ 
w<rtin<J»- than ©-llodiou. which it will nndoobwdlT r^daee ahw in photoeraphr 
Within thin narrow aphere the eaontchone indt^ny bat a few years am 
moTcd. i he diacovery of the remarkable rebuion of thia anhstance to anlnhur 
iUmlly rtrmoved all ddecls from the aniclea obtained by its mano^tnre The 
Kii((1j-1i maoufacturef, Uancock. eariy di-wvered that the hardened vcffotable 
Julc« enteri into a cbemical combination with salphv, which greatly alters the 
propnrty of thfl former, and makes U entirely tndiSnnt to the inflncncea of the 
tuinperature. Uodor all drcnmstanees the principal property, oUsticity ra- 
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mainB nncbauged. Solphnrized, or, as it is oallcd, vulcanized caontchonc be- 
comes Qeither soft nor glutinoua in a tropical heat, nor bard and brittle in the 
cold of a Dortbom winter; even a temperature of 100" and upward haa no eSect 
on it. Solvents, too, lose alt their power of affecting it. 

But before indoBtrj could draw considerable advantago from tbis circnm- 
Btance, various experiments were required, for the diecovery of the pre- 
cise relation of sulphur to caoutchouc, and of the exKt temperature to which 
the mixture was to oe subjected. The elucidation uf these difficnlt points' we 
owe to the American Qoodyeart through whom the caontchooc industry baa 
risen to a height never dreamed of before. 

According to the earlier way of proceeding, tbe sheets of caontcbouc were 
laid in fluid snlphar, of which tbey absorbed from ten to fitWn per cent, 
within two or three hours. This causes no altoution in the properties of the 
organic substance, while at a temperature of from 135° to 160° such an altera- 



tion is brought about in a few miaatea. A longer aabjection to this temperature 
is injurious; tbe manufactured article becomes less pliable and elastic, and he- 
comea hard and brittle, so that it tears off short even on a slight stretching. The 
same occurs when too much sulphur is absorbed, and this is nnder that method 
always the case, only from one to two pounds of snlphar chemically uniting 
with tbe organic snhstance. The rest remains Ijiing between the pores, and is 
rmnoved by mechanical means by alternate stretching and contraction, or rather 
by clicmicol substances acting as solvents, ae alcoholic lye, ether, anlpbide of 
carbon, oil of turpentine, or benzine. The latter process must always be applied 
wben the vulcanized caoutchouc is brooght in connexion with metole, wuich 
tbe residue of sulphur not chemically united would affect itgnrionsiy. 

The difficulty of observing the right measure of enlphurization is proved 
by the manifold coraplaiuts about tbe infenority of tb« manuiactured articles in 
tbe market, which by no means possess tbe so much vanuted excellent qualities. 
It is easier to observe that precise limit under the methods of cold vulcaniza- 
tion recommended by Parkes and Gerard. The caontcbouc, or the article man- 
ufactured from it, is steeped in a mixture of chloride of sulphur and sulphide of 
carbon, or in sulphide of potassium. Bat in whatever way the sulpburizatbH it 
effected, it does not take place uniformly over the whole of the mass. To 
judge by its reaction with solvents, there eoem to be two different compounds, 
besides #hich there is also unaltered caoutchouc 

Althongb gutta-percha adapts itself to manufactnritig proceeees mor* 
easily than caoutchouc, it yet gains by flulpbari%ation, becoming thereby more 
elastic and insensible to changes of temperature as well as to solvents. Better 
fltill than pore gutta-percha is a mixture of both snbstances. 

It can be said that sulphurization has given an endless variety to tbe use of 
those substances. Nothing could prove this more than a visit to the industrial 
exhibitions of London, Unnich, and Paris. At tbe first named, extraordinary 
mtereet was excited by a collection of gntta-percha manufactures, prepared by 
Dativee of India, to the exhibitor of which (W. Kerr, of Singapore) the priie 
medal was awarded. 

Tbe chief repreeentativeB of this branch of industry are North America, 
£nglaud, and i ranee, and the master in it i^ Goodyear, whom his invention 
promisee to make immensely rich. Not only the manufacturers of his country 
are tributary to bim, on account of his patent, but also numerons firms in 
France. For a time Goodyear was tbe lion of the whole Union. A conntry- 
nuui of his, however, (tfr. Day,) contested bis right to the monopoly, and this 

f&ve rise to a gigantic lawsuit, which agitated the whole Untou, tbe most cele- 
rated lawyers, and among them the great statesman Daniel Webster, pleading 
on the one side or the other. 

The manufacture of India-rubber goods was everywhere very limited 
before the invention of vulcanization; since 1844, however, this immensely 
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■ai opened to tbp plant-jniw almwt kS UainL e t of 
, "--ITT tiii.i.*''?:^'. TLt iinporUlion of ikal gam and tht m» o mi o( fW^ 
■|r..n,T-^i.— r-—- .r £r.a h aj« increaciug witli aftnni^hhig npidhy. Hn^ <jir tke 
3iirr.iri4 i^-t- :ii tli« Slalte of New YvA, Kev J«tm-t, Maa BMi npftts. BIkmI* 
IsiEiii. Ltfd C sat-cticoL Tbooundi of peopk &ai thert anf'loTinHit and 
fT'— TL^ > Cirk u ehieiy dooe bj boja aad gitla, but adutt hoi. and «m 
a.'^.r'.f. arir Tarkici-lT employed. One of die mo^t importani ardrtee ■» rpHi^ 
i:r rvli'ad carp, ibe patented iiiODOp<J5 for which, m the Unim, b«lan*! to the 
~ X--* K: ^laiid Cu Spring Company," which jeaHj works np ibont 400,000 
P'joijIc iii t'tie raw material- For some other article* ii« cmieampnoB it «^aaBJ 
ima»MU«. Thnc eeveral million pairs of India-mbbfr ehoes arv Tcarlr mannfat- 
Duvd in th^ L'nit^d Stales, the " Hayward Company " [HvdDcing daily aeTeral 
iboofcuid pairs. Some of the finest (boes, each as wonld preMtre (heir glon 
afUT the lun^t sea-royage, are manufactured by "Hartfhorn & Co.," in 

And yet ilic working np of this peculiar product of nature is still in its infancy; 
erery day discloses new ways of using iL Already attempts are being 
BuAv U> ct<at the snbmarine telegraph wires with India-rubber, and this mb- 
stance is ali^o to be u^ed for nautical charts, instead of paper. As it can be 
lollod into shells of ibe grealeft tbinneKe, it seems to be destined to replace 
paper in various respects. 3lape, globes, &c., are already prepared from it. An 
extraneous circumstance will promote this developmeuL II is already regarded 
as a fact that the consnmption of paper is now out of propnrtion to the prodtK- 
tion of the raw material ni-ce^ary for it, to wit, rags. All effort: to cheek the 
increase of this disproportion, throu^^b the use of other raw materials, hare ae 
yel produced but an incomplete — by no means cfieclive — result This is pat- 
tictdarly noticeable in the North American Union, which, as of so many other 
thiD^. can boost of a grand Jonmatistic and other literary productiveness, and 
vainly looks for raw materials in the European market for ita immense paper con- 
sumption. Tbc remedy will not be long sought for ; the indications are already 
given. Bleached gutta-percha, especially, is better adapted for lithographic 
printing tbnn the finest tliinese paper; it yields really admirable copies. By 
wetting it with a so lution of gutta-percba in sulphuretted carbon, printing paper 
can most easily be transformed into writing paper. 

A peculiar branch of this new industry is the now immense production of 
toys for children. However sad a part the German may play in his own hrmtt, 
and however grievous the ofFcuce this subjcL-ts him to on the part of proud nv 
tions, the honor of being the teacher of mankind remains to him intact. Qer- 
man scientific inanstry labors for the benefit of the whole universe. Thai 
Nurcmburg can boast of having been for centuries the privileged teacher of the 
children of nil nations and races ; its toys contributing to develop the first ideas 
in the children's world. But tbis privilege is now contested by the industry 
of tbc United States. Instead of the harmless dogs and cats imported from 
Nuremberg, babies receive there as toys India-rubber eagles, horses, lions, and 
leopards, destined to rouse their power of observation. The importatiou oi 
German toys has suffered by it, but the industrial prodncts of Nmemberg, or 
what goes by that name, will not easily yield the ground. At the Paris ex- 
hibition we saw a host of those North American toys, but these were deficieot 
in neatness and taste ; they entirely lacked the gracefulness of the Nur^rnhnrg, 
and especially of the Wnrtcrabergian manufactures, which at the Munich KxhiU- 
tion BO vividly brought b.nck to our mind all the charms of onr half-forgolta 
childhood. Already at the London Exhibition the new American articln of 
India-rubbermannfnctnre became objects of general attention. Charles Good vear, 
tkf New UavcD, Connecticut, and Cliarles Mackintosh & Co., the two principal 
i\-pivscuUitivcii of the cauotcbonc industry in America and England, werv the 
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only receivers of the great council medal, other prize medals being awarded to 
two American, three English, two French, and one German firms. 

The American division of the Paris Exhibition owed its principal attraction to 
its numberless India-rubber articles. A new kind of vulcanized caoutchouc waa 
chiefly noticed — another triumph of Goodyear's inventiye geniua. We refer to 
Ihc so-called hard caoutchoDc. When caoutchouc receives an admixture of 
about a fit'ih of ita weight in sulphur, the mixture being heated to 150° and 
Bome nsplialt being added, a maae is gained which equals marble in hardness, 
and is capable of an extremely beautiful polisli. The manifold applications 
which tbia valuable invention baa already found, allow us to realize the extraor- 
dinary extension of which that branch of industry is capable. Hard caoutchouc 
ia » substitute, not only for ebony, liom, tortoise-shell, ivory, and wbale'bone, 
but also for iron, whicu bo easily rusts in damp air. 

People gazed there with admiration at handles of knives, and rifle stocks, 
adorned with the finest and most artistic reliefs, at opera -glasses, and a thousand 
other optical instruments, or articles of cabinet ware, which were formerly man- 
nfactiired of ebony or buffalo's horn. There were also exhibited richly gilt pieces 
of furniture, wTouglit entirely of this new material, as well oa articles of vertu 
set with genuine pearls, and various utensils ornamented with Chinese paintings. 
We observed further musical instruments, such as violins, clarionets, and trum- 
pets. Whenever we visited the exhibition we could not refrain from admiring 
the exercises executed on one of tho^c trumpets, shortly before the close, which 
was indicated by the ringing of all the bells contained in the hnilding. To 
make the contents of the whole collection more complete, we must add candela- 
bras, an electric machine, very flexible whips and canca, surgical instrumenta 
of every kind, powder-horns, various seals, printing type, spools, shuttles, 
slates. Large sheets of hard caoutchouc, destined for the plating of ahipa, 
attracted particular attention. The low price, the slight weight, and the inde- 
aimctibility of this new material will soon entirely supersede the now usual 
copper plating. At Havre and New York the new method of coating vessels 
has already been tried in the dock-yards of most prominent ship-bnildeis. 
Ships have stuled from both porta for long voyages, and nobody doubts that on 
their retnm the theory will be confinned by experience. At Plymouth, England, 
on the propoaition of Mr. Forater, of the royal navy, the outsides of plank are 
coated with gutta-percha. 

Neither was the art of printing forgotten in this rich collection A thick 
qoarto volume contained the history of that branch of industiy on which wo here 
comment. The leaves challenged destruction by water, being made of vnlcan- 
ized caoutchouc as the elegant binding was of the kind designated as vulcanite. 
It is greatly to be regretted that this invention was mode at so late a period ; 
made earlier, it might have saved us many treasures of antiquity. The deluge 
itaelf would have been powerless to destroy auch written monuments. 

Of the articles of vulcanized caoutchouc contained in the American division 
we must chiefly mention, besides toys already alluded to, maps, a great variety 
of water-proof articles of dieaa, water-proof military tents, and very carefully 
worked pontoona. 

Young as this branch of industry is, it has already achieved wonders. Not 
content with alleviating the sufi'erings of man, gladdening the heart of children, 
and saving from floods the manuscripts of authors in the archives of nations, 
it continually seeks new paths for its progress. Side by aide with the neatest 
little shoes that would have graced the feet of a Cbineae lady, there could 
bo seen gigantic boots, reminding one of seven-miloa boots of the fairy tales, ' 
as welt as specimens for the most varied deformities of the baman foot. A 
certain kind of shoes and boots at first observation appeared a perfect riddle, 
but their distinctive feature was explained to consist in ventilating appliances. 
The manufacture of hard caoutchouc ia also extensive in France, owing 
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cliiefly to the enterpruing ipirit of Cluries Morej, who, baving bought of 
Goodjear the exduBire privilege of the tue of his iaveatioD for fifteen fesn. 
has shared it with many olhen willing to pay for it. Thua the French-Ameri- 
can Company, which owns a large fuctary at Beaomont, in the department of 
Seine et Oi»e, possesses the exclusive right of mannfactnring combe, for which 
moduction the first class medal of the French exhibition was awarded to it. 
The French company, which has factories at Lille and St. Dennis, has the ei- 
clnaive right of laannfacturing handles of knives and other cntlery, while the 
Goodyear company has alone the right of preparing all kinds of hard caoutchouc 
snbetitutes for whalebone in its various applications. Other privileges aie 
similarly distributed. Charles Uorey himself lately founded a factory at Uc:z, 
which prodacea a numberless variety of articles of caoatchooc, as well as gntta- 
percha. * 

The chaotic varie^ of articles manufactured in France of common or vulcan- 
ized caoatchonc and gntta-percha is almost bewildering. Elastic textures of 
every description, (silk, linen, cotton,} elastic stockings for persons en&ering with 
the gout, gaiters, gaiters, suspenders, drawers; elastic bands, cords, belts, 
telegraph wires ; aprons, window shades, carpets, gloves ; stopples, bnngs, diving 
apparatus, life- bo^s, bathing tubs ; mattresses, pillows, tents ; numberless articles 
for bnnters, fishers, travellers, and photographers; utensils for the preservation 
of acids, bottles of every kind, cases, balloons, doll-beads, spinning cards, hurdles, 
troughs, pumps, umbrellas; these, and a thousand other objects, were shown at 
tbe Faris oxhibitioQ in the moat charming disorder. 
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Thb gnn-cotton manufactured according to Major Geneml Freiber von 
Lenk'B method at Hirteaberg, near Wiener Ncaetaat, has, in conaeqaence of 
special previous eiperimcntB, been used by the Genie corps for mining pnr- 
poees, aud notwithelanding the fact that there are atill numerous difficulties In 
the way of its use for gun charges, it is also used by the Boyal Impeiial Ar- 
tillery for hollow projectiles. 

The first-mentioned use led the Ocnie committee, to which I belong, to 
caase experiments to be made which are calculated to give greater ineight into 
the chemical deportment of this substance. Among these ie the atten^t to 
aaccrhiin the products of combnation of the gun-cotton produced in Hirteo' 
berg ; and in the course of the investigation it seemed advisable to extend the 
method I used to goapowder. 

I. — ANALYSIS OP THB PRODUCTS OF COMBUSTION OP OUN-COTTON. 

The rapid deflagration of gun-cotton, and its neceasary accompaniment, the 
bursting action, prevented me from using in the analysis of the products of 
combnation the excellent method which Profeaaor Bunsent devised for obtain- 
ing the combustion products of gunpowder for the purpose of analysia. It 
was neccssarv to effect the combustion in raciio, and for this purpose I used a 
endiometre about a metre in length, in whicli, iaatead of two wires, as in the 
ordinary eudiometre, a single very thin platinum wire was drawn across. To 
this from 15 to 20 milligrammes of gnn-cotton were affixed, the tube filled 
with mercury, and the rorricellion vacuum produced in the usual manner. 
By means of a galvanic battery the wire could tio ignited, and hence the gUn- 
cotton exploded; thereupon all eudiometrical operations were carried out in 
the tube in the usual manner after a preliminary experiment had shown that 
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the gas produced in i 
carboDie acid, carbonic oxide, 



coneUtcd of oitrogcD, binoxide of nitrogen, 
eh gas, and aqoeoua vapor. 



Orinnal Tolnme 

In tbe Htfam bath 

After absorption of NO*. 
Arier ab>OTp[ioa of CO*. 

Alter addiiion of ah- 

After addition of ozjgeu, 

AfuT explosion 

After absorption nf CO*. 

AIWt ndililion of U 

After eiplosion 



Volnme. 


Preunie. 


T„p. 


374.53 


0.J156 




415. S3 


0.1768 


95 


SHi.dV 


0.1078 


II.X 


3^.06 


©.OAtO 


10.5 


ir-l.iA 


O.S:(JS 




407.56 


0.2510 


12.5 


466.21 


0.a3I2 


11.2 


430.57 


0.1855 


10.4 


477. as 


0.2:101 


11.7 


443.38 


0.1983 


12.6 



119.41 

9!l.fl7 
76.97 
105.29 



The quantity of NO* and CO* is obtained from tlie absorptions, the qnantiry 
of water ti-om the incrcaee in volame in the steani'bath ; the quantitj' of nitro- 
gen in obtained from the volume 76.97, which remains after removing the car- 
bouic acid reHulting from the combustible gases, by subtracting the uucombined 
oxygen and the nitrogen contained in the Btmo.-<phcric air added; while the 
combustible gases are calculated &om the formnUe in Bunsen's gasometric 
method, 

2p, P 

Carbonic oxide ^Pi y — 

ap p 

Harsh gas = — 

Hydrogen = P— P, 

in which F is the quantity of combustible gases. Pi the carbonic acid produced 
in combustion, P^ the oxygen need in combustion. 

Hence the gases from gun-cotton contain in 100 parts — 



Carbonic Olid e 

Carbonic acid 

Binoxido of nitrogen 

Kitrt^en 

Carbon 

Aquiwua vapor 



The gun-colton used had the average composition CH^'KH)^, from which, 
after eubtrucling the reeiilts of the aualysie, the separated carbon is obtained. 
which is included in the above analysis. 

This simple and apparently fanltlesa method has repeatedly shown that, by 
nslng a somewhat large quantity of gun-cotton under the same circamstances. 
wlifii thvntforc the combustion takes place under comparatively greater pros- 
vuri', iho quantities of the products of combustion change, and the quantity bf 
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binoxidc of nitrogen diminisbee ae tbe pressure increaaes. Heoce the deosida- 
tion of nitrogen- compound e during the combustion takee place tbe more com- 
pletely the greater tbe work wbien the gun-cotton baa to perform during its 
cumbuHtion. 

This circumstance euggeetcd to me the idea of expostog the gun-cotton 
dnring its combustion to a determinate resistance, and regulated eo tbut it Juat 
givGB way at the moment the gnu-cotton is completely burnt away. This 
condition led me to the experiment of placing a vessel filled with gun-cotton 
which offered the necessary resistance, in a 60-pr. mortar, which was then ex- 
hausted and the gun-cotton exploded by galvanism. 

Tbe resistance of the explosion vessels must be so chosen that the gae in 
the mortar, after explosion, has an excess of prefiaare of half an atmosphere, 
in order that it may subsequently be transferred to the measuring vessels. 

Tbe explosion vessels wuich I used were made according to the directions 
of tbe late Lieutenant Colonel Ebner, and consisted of hollow cast-iron cylin- 
ders closed at one end, while at the other waa a nut through which the ar- 
rangement for a galvauic explosion passes. For thi^ purpose the nut is pro- 
' TJdra with an excavation in which is a thin platinimt wire fastened on tbe one 
band to tbe insulated copper wire, and on the other to the copper wire which 
passes directly through the nut. Outside the cover tbe wires are bent into 
knots, which, aa previously mentioned, serve to support the cylinders and to 
complete the voltaic circuit. 

The weight of the gun-cotton whose gases shall fill the exhausted mortar 
of 5,216 cubic centimetres contents so that there shall be tbe tension above 
mentioned, I have empirically determined, and find that it ie 10 grammes. 
The fact that 10 grammes of cotton somewhat compressed occupy a space of 
10.5 centimetres in length and 2 centimetres in diameter, determined the inter- 
nal dimensions of the cylinder. The thickness of the sides of the cylinder 
was also obtiuned from an empirical experiment, which showed that with a 
thickness of 6 millimetres the cylinder just exploded with production of fiame, 
and that thus, in accordance with the condition stated, the gun-cotton bums 
away the moment the cylinder burst. I must here mention a peculiar circum- 
etance which attracted my attention in determining tbe thickness of the side 
of the cylinder, and which serves to characterize gun-cotton. For the above 
investigation I successively filled with gun-cotton cylinders 4, 6, and 8 mitli- 
metres thick in the side and exploded them in a bole. Although the cylinders 
of 4 and 6 millimetrea in thickness contained comparatively a larger charge, 
the pieces produced were considerably larger than those of the cylinder 8 mil- 
limetres in thickness. The former were often only split lengthwise, their cover 
and bottom remained unchanged, while tbe pieces of the cylinder of 8 milli- - 
metres in thickness were scarcely larger than bazel-nuts. 

The above bunting vessels might also probably be constmctcd of glass. 
Tery strong, thick glass tubes are taken, and at each end corks cemented in, 
one of which has been provided with a galvanic conduction and the small 
platinum wire. The length of the vessels and the tbtcknees of their sides 
could then be regulated by the quantity of gas and the desired resistance. 

The qualitative analysis of the products of the combustion of gun-eotton 
under tbe circumstances described gave carbonic oxide, carbonic acid, nitrogen, 
marsh gas, and a trace of a snlphnrons gas, (probably a bisulphide of carbon 
compound,) which, from its small quantity, escaped analysis and could only be 
detected by the smell. This probably arises from a small trace of snlpbnrto 
acid adhering to tbe gun-cotton, which either fcas not removed in washing, or 
by subsequent treatment with potash remained as sulphate. 
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Tbe qtuntilaliTe gaa andyeu vss nude accoidiog to the following plan: 
Ahmfrptiom amatgti*. 




4Uialjitu. 



Origfittl TohuM 

AAci sddiliuD of mir ..-.• 
AAer kddilioD of ox^geD. 

After expkwHm 

After Bbrorption of C0».. 

After »dditiDii of U 

After oiploakm 



0.3144 

0.4106 
0.44J6 
0.3954 
0.3504 
0.4344 
0.3369 



19. a 
19.? 



46. 7S 
87.75 
121.99 



-i_ 



The qnantitj of carbonic acid obtained from the absorption analTBia 
= 19.13. The nitrogen found by known methods is 11.37 volume. The 
combuBtiblo gases are determined by the formula already mentioned in tbe 
case of the ^alyeie in the Torricellian vacuum, as 

Oarbonicoxide =Pi—^=^g-= =26.01 

2P, P 

Mmhgaa =l£^_i=6.51 

Hydrogen =P— Pi=2.83 

in which P==35.35, Pi=38.62, P,=27.44. The gun-cotton used hi the 
. analysis corresponded to the fonnnla C'*H"NW, from which the water which 
cannot be directly determined, ae well as the eliminated charcoal, may be found. 
Hence tbo mixture of gun-cotton gases consists of — 



Cvboiiic oxide 
C&Tbnnic acid . . 

Uftish ga» 

Hydrogen 

Kiiiogen 

AquMoa vapor 




by Google 



Gtra-COTTON AND QDNPOWDEE. 



223 



As previously mentioned, tie bareting Tessels were filled with 10 grammes 
of cotton, whtcn, by an accurate measurement, was fonud to yield a quantilj' 
of gas of 5,740 cubic centimetres at 0° and 1 metre pressure. The contents 
of the mortar at 16° and 0.7383 metre pressure unouuts to 5,292 cubic centi- 
metres ; the quantity of gas issuing at this pressure amounted to 2,939 cubic 
centimetres ; nence 10 grammes gun-cotton yielded 8,231 cubic centimetres at 
16° and 0.7382 metre pressure. If the quantity of gas is calculated from the 
results of the analysis it ia found that 10 grammes of gun-cotton yield 5,764.^ 
of gases, which sufficiently agrees with the quantity actually found. 

Comparing the results of the above described analysis with those of the 
analysis in the Torricellian vacuum, it is found — 

(1.) That the gases in both cas«H are combustible from the large quantity 
of carbonic oxide they contain. 

(2.) That the gases produced i» vaato contiun a considerable quantity of 
binoxide of nitrogen, while by burning gun-cotton under appropriate resist- 
aoce, the nitrogen compounds are deoxidized in favor of the carbon in marsh 
gas and of the hydrogen, by which an increaae in the carbonic oxide, carbonic 
acid, water, and a separation of free hydrogen, are caused. Hence it follows 
that the red gon-cotton vapora can never occur if the entire gun-cotton is burnt 
away at the moment ia which it begins to overcome the resistance offered to it. 

These fac(B have a practical application in the use of gun-cotton to mining 
purposes. 

II. ANALYSIS OF THB PRODUCTS OF COMBUSTION OP aUNPOWDBR, 

After finding that the combustion of gun-cotton under circumstances re* 
Bembting thctse which occur in mines is of decisive influence on the products 
evolved, it appeued desirable to investigate the combustion of gunpowder 
tinder similar circumstancos. Unfortunately, since my invest! gationa had a 
specifically military object, I could only analyse the Anitrian small-anns and 
ordnance powder ; hence only a superficial comparison can be instituted with 
the results which Professor Bunsen obtained with freely burning sporting 
powder. 

The combastion of the gunpowder was effected in the exbaosed mortar in 
the same way as the combustion of the gun-cotton, with the exception that, on 
acconnt of the smaller action of the powder, and in order to obtain as large a 
qoantity of gas, the exploding vessels had to be larger, but with thinner sides 
tbao those iu which the gun-cotton was exploded. The excavatiou in the 
cores wag filled with meal powder. 

The composition of the two kinds of powder nsed for investigation are ob- 
tained &am the following analysis : 

Ch-dnanee poioder.^-i.5i87 grammes gave 3.3562 grammes saltpetre and 
1.1923 gramme of a residue insoluble iu water. Bisulphide of carbon dis- 
aolved 0.5823 snlphur. The remainder was charcoal. 

8matt-armt powder. — 8.8653 grammes contained 6.8408 saltpetre ; the resi- 
due of 2.0245 grammes contained 0.765 gramme sulphur, and there remained 
1.2595 gramme of charcoal. The organic analysis of the charcoal, carefully 
freed from snlpbur, gave^ 

For ordKanee p&tejer. 

Carbon 81.200 

Hydrogen 2.S65 

Oxygen 13.599 

2.336 

100.000 



Uxygi 
Aa£. 
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For tmaU-amu powder. 

Carbon 8S50 

Hydrogen 8^ 

Oxygen 12.U 

Ash 1.97 

100.00 

Hence the percentnge compoaition of both tbese kinds of poirder is as 
follows : 

Ordmanee potq/ier. 

Nitmto of potash ' 73.78 

Solphni 

'" ■ 10^ 

ChTcoa-.^^jtosen 0« 

0.31 

100.00 



{Carbon . . 
Hydroger 
Oxygen . 
Aah 



Small-arm» powder. 

Nitrate of potash 77.15 

Sulphnr 8.63 

(■ Carbon 11.78 

cb-»^--ta^:::-:::;:::::::::::::;::::::;:;::::::: ?;" 

(.Ash 0.28 

100.00 



The composition of the powder analyzed hj Bnnaen and Scbiochkoff was — 

Nitrate of Potash , 78.99 

Sulphnr 9.84 

i Carbon 7.69 
Ash 0.00 

100.00 

For the qoolitatiTe analysis of the products of combostlon, two cylinders were 
filled with the two kinds of powder, made air-tight, and successiTely exploded ia 
the mortar in the manner described. 

For both kinds there were found in the solid residue : (1) sulphate of potash) 
(3) carbonate of potash, (3) byposnlphite of potash, (4) Beeqni.carbonate of 
ammonia, (5) sulphur, (6) charcoal, (7) snlphide of potassium. The latteri 
in the case of the small-arms powder, w^ only formed in rery small quantities. 

The gaaeouH products of combustion were; (1) nitrogen, (2} carbonic acid, (3) 
eaibonic oxide, (4) hydrogen, {5) sulphuretted hydrogen, (6) marah gas, and 
a very small quantity of a bianlpbide of carbon compound, which was dutinctly 
recogsi^ hy its odor as being that produced m the gases from gun-cottoB, 
The whole mixture is colorless, and contains no fame or vapor.. 
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(a) Ordnance potoder. — For the qnantitatiTe deteiminatiou of the producU 
of comboslion 36.8366 grammes were used. 

The gas paased into three absorptioD tubes amounted to 75.3 cubic centimetres; 
the gas issuing from the mortar until the rest was nnder the atmospheric pres- 
Bore amonatea to £480. 7 cubic centimetres at 16° C. and 0.749 metre pressure ; 
under these circnmstanccs the mortar holds 5216 cubic centimetres ; heuce the 
above quantity yielded 7621.96 cubic centimetres gas at 0° and 1 metre pressure. 

The absorptiou analysis produced— 





Tolimw. 


Prwaiirt. 


Te^I.^ 


VoLatOO 
■od 1 metre 

preMore. 




90.72 
63.71 


0.6028 
0.5705 


16.2 
14.3 













From the estimation of the potash bulb witb iodine solution, it followed that 
the sulphuretted hydrogen corresponded to 0.44 division. Hence the above gas 
consisted of 0.44 roL sulphuretted hydrogen, 22.07 carbonic acid, and of 39.12 
nitromn and combustible gases. 

Threxplosion analysis of the gas freed from sulphuretted hydn^^ and car- 
bonic acid and transferred to the eudiometer was as follows : 



ToIddis. Pressure. 



Original Tolnnte >■.. 

After addition of ur 

After addiiion of ozjgsn. 

AftCTCiplosioD 

Aftai abaoiptioD of C0<.. 

After sddibOD of H 

AJtn oxplMion 



113.26 
183.36 
204.32 
185.62 
167.90 
2!M.67 
166.38 



0.3470 
0.4066 
0.3355 



15,6 
16.8 
16.4 
15.4 
15.1 
16.2 
15.7 



7). 79 
61.89 
65.31 
86.30 
52.79 



By applying the formule of the gasometric methods, already mentioned in 
the analysis of gun-cotton, since the gaeee are qualitatively the same, thp values 
are obtained, for carbonic oxide^fi.21, hydrogen = 3.03, marsh gaa = 1.38, 
and nitrogen =19.18. 

Hence the total gas calculated for 100 parts consisted of — 

Vols. 

Carbonic acid 43.74 

Stdphuretted hydrogen 0.86 

Carbonic oxide 10.19 

Marsh gaa '. 2.70 

Hydrogen .' 5.93 

nitrogen 37.5& 

100.00 



The determination of the solid residue in the mortar was effected, after remor- 
ing the gases, by digestion with water, which was drawn off throD^h ■ tap in 
the bottonkand rapi£y filtered. , CiOOqIc 
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The reantta of the analyseB were as followB ; — 

1. Sulphide ofpoU^tium. — The entire filtered liquid iraa digested id three 
large boiling fiaske with wcll-ignited oxide of copper, thereopon filtered, jind 
the residue dissolved in fuming nitric uid. Treated with nitrate of baryta, 
it gave 0.1015 grammeB of sulphate of baryta, which corresponds to 0.04i6 
grammes sulphide of potassium in the residue of 36.8366 grammes powder. 

The liquid filtered from the oxide of copper was made np to 6 litres for the 
sake of further investigation. 

2. CarboHie acid.-~-&. litre of this liquid gave with nitrate of silver a pre- 
cipitate of carbonate and sulphide of silver. Treated with ammonia, the car- 
bonate dissolved, and was separated from sulphide by a weighed filter, and pre- 
cipitated in the filtrate as chloride of silver by means of bydrocbloric acid. Its 
weight amounted to 3.0475 grammes, which corrcsponda to 0.4687 grammea 
combined carbonic acid ; hence in the entire residue uicro were 2.8126 grammes 
combined carbonic acid. 

As a control, the carbonic acid was determined by chloride of manganefle by 
mixing a litre of the liquid with a solution of this salt which had been previoiisly 
Insed; a precipitate of carbonate of manganese was obtained, the carbonic add 
of which, determined in the nsual manner, corresponded to S.8337 grammea 
in the entire residne. 

3. HypotulphiU of pola*h. — The sulphide of silver (2) weighed on the tared 
filter, when dried at 120°, 0.32G1 grammes, which conespoods to A1733 
grammes hyposulphite of potash; hence the entire reaidne ooatained T0400 
grammes hyposulphite of potash. 

A determination of the hyposalphite was also made by metrical Analy- 
sis. A litre of the solution was acidulated with acetic add, mixed with 
starch, and determined by means of a standard solution of iodine. A litre 
required 32.57 cubic centimetres iodine solution ; hence, according to the fonnnla 



2K0,S»0* 



t, in which ( = 22.57, a =-0.000517; this litre contained 



0.1746 grammes hyposulphite of potash, and the entire residue 1.0176 grammes 
of this salt. 

4. Sf'quicarbotiate of ammonia, — According to Buosen's method, a litre of 
the liquid was boiled with caustic potash, the distillate passed into a solution of 
hydrochloric acid of known strength, and the hydrochloric acid which had not 
been changed to chloride of ammonium determined with a standard ammoiua 
solution. 1 found a ^0.04 853, the quantity of hydrochloric acid taken; 
f=^ 19.87, the number of divisions of an ammoniacal liquid which would have 
saturated a velnme of hydrochloric acid equal to that taken with f'^=41.30 

divisions of the burette. Using the formula x= oTTTm t> • ^ found 

in the ^ litre the sesquicarbonate of ammonia to be 0.041275 gramme; hence 
0.9908 gramme corresponds to the entire quantity of sesquicarbonate of ammonia. 

5. Carbonate t^ poUuh. — Subtracting the carbonic acid in the sesquicarhon- 
ale of ammonia= 0.5541 gramme from the total quantity found (2),=2,8337 
grammes, there remains a quantity corresponding to the carbonate of potash 
=2.2796 giamraea. Hence the enthe residue conUtns 7.1198 grunmea or- 

, bonatc of potash. • 

6. Stilpfiale of potask. — A litre of the liquid mixed with chloride of barium 
gave 3.0244 grammes sulphate of baryta, which corresponds to 2.2683 grammes 

t sulphate of potash for one litre of liquid, and 13.6100 grammes for the whole 
residue. 

7. Poiatk. — To determme the entire quantity of potash conUined in the 
various salts, a litre of the liquid was carrfully evaporated to dqrneas with sul- 
phuric acid and iguited in a platinum veaseL 3.8466 grammes of sulphate of 
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potash were thofl obtained, corresponding to 2,0786 gr&mmea of potash. Henca 
100 grammes of ordoance powder contain 33.85 grammes of potash, which 
agrees closely with the result of the direct analysis of the powder. After find- 
ing, by direct observation, that 36.8366 grammes of the powder famished 
7621.9 cubic centimetres of gas, the composition of the products of comLustion 
of this powder may be stated an follows : — 

Sulphate of potash 13.61 

Oubonat^-of potash 7.14 

Hyposulphite of potash 1.04 

Sulphide of potassinm ^ 0.04 

Charcoal 0.94 

Sulphur ..v 1.73 

Seequicarbonate of ammonia 0.99 

Nitrogen 3.60 

Carbonic acid 6.40 

Carbonic oxide 97 

Hydrogen ' 0.04 

Snlphuretted hydrogen 0.10 

Marsh gas 0.15 

Lose 0.07 

36.82 

in which snlphnr and chareoal are calculated from the deficiency. 

^b) SmaO-arvu jt^uk^a*.— 34.153 grammes were used for the combustion. 
The qnonttty of the gaeeons products was obtained from the follov/ing gaso- 
metiic ezpenments : 

Abiorptjo* andtyiu. 





Tokme. 


Pr».U. 


TB^.^ 


Vol. at 0° 
»nd I metre 

ptMSOIB. 




136.94 

75.04 


0.6331 
0.50:M 


93.1 
21.9 


SO. SI 











If the solution of the potaeh-bulb is determined with solution of iodine, it 
is fonnd that 0.533 division corresponds to sulphuretted hydrogen, from which 
it follows that the above quantity of gas consists of— 

Carbonic acid 39.22 

JBnlphnretted hydrogen 0.53 

Combustible gases and nitrogen 40. 4G 

80.21 
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The exploBion uialysu with the tranefeired gu gave — 



Atlei addition of ozjgen . . 

After exploaion 

A&«r absorption of CCP... 



3(i|.]4 
169.46 
961.03 
174.20 



0.4276 
0.4817. 
0.4130 



20.6 
19.6 
SI.O 



38.36 

7177 
96.89 



3.95 

229 



If the formnlB previonely lued be applied, we get- 
Carbonic acid 

Hydrogen 

Uarsh gas 

KitrogeD , ; .: ^ 2t>.c» 

Hence tbo emall-anns powder contains in 100 Tolomoa — 

Carbonic acid 48.90 

Snlpbaretted hydrogen 0.67 • 

Carbonic oxide 6.18 

Marsh gaa ■. 3.(i2 

Hydrogen 6.90 

Kitrogen 35.33 

100.00 



The solid residue in the mortar was treated with hot water and the liquid 
filtered. No snlpbide of potaseiom was foaod to be present. The analysis 
was executed in the same manner as with the ordnance powder. 

From the results of this analysis and from those of the gas analysis, direct 
measurement having shown that 34.153 grammes of ordnance powder give 
7,738 cubic centimetres of gas, the following scheme for the products of com- 
bustion of the ordnance powder may be given : 

Sulphate of potash 13.364 

Carbonate of potash 7.096 

Hyposulphite of potash 0.605 

Charcoal 0SS7 

Sulphur 0.397 

Se3quicarhonat« of ammonia '. 0.908 

Nitrogen 3.432 

Carbonic acid 7.443 

Carbonic oxide .^ 0.504 

Hydrogen * 0.047 

Sulphuretted hydrogen 0.079 

Slarsh gas 167 

Loss 0.235 
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The reanlts hitherto obtained for the prodoctB of cnmbastinn of both kinds 
of powder may nov be compared with each other, and aliio with those obtuned 
by Bmuen and SchiechkofT in the analysis of sporting powder; 

I. — Compontum. 



MitnUe of potasli 

Sulphur 

! Carbon... 
Hydrogen 



77.15 
8.63 

XI. 7e 
0.4S 
1.79 









41.13 
5a. 67 
3.68 
1.81 

0.60 
0.52 


3S.33 

48. 9L) 
6.18 
6.90 
0.67 
























^5^u\\;;;;;;;:\;™ :::::::::::;:::::;::::::;: 


3."62 












100.00 


100.00 


100.00 



\H.— Total products of comhuttion by weight. 



SnIphsU of potash 

Carbonale of potuh 

Hypoaolpbita of potash 

Solpbideof pottuaium 

Solpbocyaiiide of pota««iiim .- 

Nitrate of potash- 

Charcoal 

Salphnr 

SaaqoinrbtHuita of ammonia. . 



Carbonic add.-; 

Caibonic oxide 

Hjdrogen 

gnlphoiettod hydrogen.. 



Oxygen.. 
Hmhgaa 



Qoantilj of gaa fur a gramme of powder. . 



2.13 
0.30 
3.72 
0.73 
0.14 
2.86 
9.98 



36.17 

30.76 
1.77 



226.59 



A compariaon of these results shows at first eight that, on the whole, the 
products of combustion of powder are little dependent on the manner in which 
the combnstioQ takes place. But that the composition of the powder has a great 
inflnence, is seeu from the fact that in Sunsen's powder, which coat^s mnch 
nitre, nearly 4 per cent, of this substance are found in this residue'; while, on 
the other hand, in the residue of the ordnance powder, which contain less nitre, 
almost seven per cent, of solpbur and charcotd are separated unbnmt. The 
influence of the composition on the nature of the products of combuBtion is still 
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more Bnrpiiaing. Where the redacing body preponderatei, the combustioD of 
the carbon ie more imperfect. Wbereaa the gases of eportiog powder oiJjrcoD- 
tain three per cent, of caj-bonic oxide, the gna from ordnance powder cnntaint 
nearly ten per cent. The quantity of hydrogen and of marsh gas iacrea^ in 
the Bame direction, bo that tnc ordnance povder gas contains nearly twenty per 
cent, of combnBtiblc gases. Hence it is not surprising that the cases of ordnance 
powder, aa well as those of gun-cotton, may be ignited, as direct experiment 
Bhowed, by a glimmering piece of wood. 

There might apparently be no difficulty, from the reeolte of these analyaes, 
in.ajTiving ataright composition of powder; yet in this respect practice pre- 
fers ita own empirical path. But in aoy case the reaulta obtained serve as aa 
additional proof of the maccuracy of the view which prevails in many chemical 
text-books and in almost all artillery institutions — that powder most decompose, 
in burning, into sulphide of potassinm, carbonic acid, and aitrogen. If practice 
has no other reason for the composition of powder than the posaibility that 
these products may occur, it is certainly allowable to attempt to prove experi- 
mentally that the products of combustion, even under the circumstances wVich 
prevail in practice, can never be formed alone, and that, indeed, one of them^ 
sulphide of potaBsium— in many cases is not formed at aU. 



DR. CfiAIG'S REMARKS. 

It will be seen from the foregoing that Lieutenant von Karoiyi burnt gun- 
cotton under two conditions, and determined for each the composition of the 
resoltant goBOB. In the one case he ignited a small quantity ay means of a 
voltaic current in an eudiometre which bad been exbausted of air by the 
Torricellian method, and in which, couBequently, the cotton burned under very 
small pressure. In the other, an iron cylinder was filled with gtm-cotton, 
placed in an exhausted vessel, and ignited in a similar manner, so that the 
combustion went on nnder preaanre nntil the enclosing tube was broken. 
This increase of pressure was found to give rise to a modification in the com* 
position of the resnltant gases j and, for purposee of comparison, the results 
m the two oases may be expressed in chemical symbols, with numbers affixed, 
which give with sufficient accuracy the relative amounts in volume. 
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The interesting experimente of Mr. Abel oif the combustion of gun-cotton 
in the receiver of an air-pump exhausted to different degrees point to the coo- 
cluaion that, in burning, gun-cotton is decomposed by the action of heat into 
certain products, among which ai|e the binoside and eome of the higher oxides 
of nitrogen, and a largo quanlitv of combustible gases. These gaseons pro- 
ducts react on each other with the disappearance of the oxides of nitrogen and 
the production of new compounds if their temperature is maintwned above a 
certain point, bat if they are allowed to expand into a vacuuitt«B fast las ther 
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are generated they cool bo that their mutual action is prevented. The amount 
of reaction between the first products of decomposition will depend on their 
temperatnre and on the time during which they ore maintained at that tern- 
perature. 

The experiment of bursting a loaded shell cannot be eaid^ to present the 
same circumstances as those which prevail when the explosive material is used 
in a fire-arm; for, In the first place, that part of the charge which burns after 
the mptare of the shell and the consequent expansion of the contained gases 
does not bam under pressure; and, in the second place, the products even of 
that portion of the combustion which antccedes llie rupture of the shell ore 
not kept together at a high temperature aa long aa they are in the barrel of a 
gun. If the cylinder used by Lieutenant' von Karolyi had been of such 
strength as to resist bursting, and the gases have been allowed to escape into 
the exhausted vessel through a small vent, the circnmatancea wonl^ have been 
more nearly approximated to those which occur in practice with fire-arms. 

For the purpose of determining what is actually produced in the case of the 
firing of a gun, the most satisfactory plan would seem to be to screw the muz- 
zles of a number of loaded musket barrels into a sufficiently strong and air- 
tight vessel, and, their vents being securely closed and the whole apparatus 
exhausted by the air-pump, to fire them in succession by the galvanic currtyt, 
and then examine the products according to the method followed by Lieutenant 
von Karolyi. 

In the barrel of a gun, espedally when loaded with a heavy projectile, the 
products of combustion remain under pressure and at a high temperatur- f -r a 
comparatively long time, and the products of the exptoeion of Lieutenant von 
Karolyi's cylinders are such that, under these conoitions, we would expect 
them to decompose each other. Thus in the case of gunpowder, sulphate of 
potash was produced, together with uuconsamed charcoal, sulphur, and various 
combustible gases. Now wo know that sulphate of potash, kept at a red heat 
in contact with such reducing agents, will part with its oxygen, and be con- 
verted into the sulphide. 

Lieutenant von Karolyi finds mere traces of the sulphide of potassium 
among hfs products, but, on the other hand, the residue left in the barrel of a 
fire-arm after its discharge ia found to consist mainly of this salt. This cir- 
cumstance docs not show conclusively that sulphide of potassium is the chief 
solid product of the explosion, for it may have a special tendency to accumu- 
late on the walla of the guu, being deposited on the cold metal from a state of 
vapor; hut the omonut of its deposition makes it probable that it constitutes 
no inconsiderable proportion of the products of combustion. 

Some years ago Captain Bodman made certain experiments, in the course 
of which he exploded gunpowder jn shells of great strength, which had in 
them small vents through which the resultant gases could make their escape ; 
this escape, however, requiring a measurable length of time. I obtained, by 
the kindness of Captain Rodman, some of the solid residae left in the shell 
after these explosions ; but, when it reached me, it was in a moist and deli- 
quesced condition, and had apparently suEF>^red decomposition by exposure to 
the atmosphere. When acted upon by dilute hydrochloric acid it uvolved a 
large amount of carbonic acid gas, and when treated with distilled water and 
the liquor filtered, small precipitates only were produced by acid solutions of 
chloride of copper and of chloride of barium, so that but little sulphur was 
present either as sulphide or as sulphate. The only way in which 1 could 
account for such a condition of things was by supposing that the mass had 
originally contained sulphur in combinaUen as sulphide of potassium, aud that 
tfaia, by the action of the moisture aud carbonic acid of the atmosphere, had 
beeo transfonsed into carbonate. 
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la cohiparing the rcaults of tbe combustion of gtm-cotton iu a vacnnm w^ 
those produced by the explosion of an i rou cylinder filled with it, it will be pa- 
ccived that the change tiom one series of prodncte to the other involrea an 
increase in the Tolume of the evolved gasee — an effect duo chie£y, but not 
wholly, to the beat produced by tbe chemical reaction between the nitric oxide 
generated by the first act of combustion and the carbnretted hydrogtin present. 

When gun-cotton, therefore, burns in a sufficiently strong and w^-filled rev- 
tel, it is resolved into gaseous products which immediately react on each other 
with an increase in the temperature and tension of their mass, and on the snd- 
dennesa of this reaction is probably due some part of the great percasaiTe force 
developed by the explosion of gun-cotton in strong vessels. 

I believe that no determination has been mode of the amount of heat evolved 
by the explosion of gun-cotton. 

The Bume of the heat, and of the mechanical effects representing heat, pro- 
duced by equal weights of gun-cotton and of gunpowder would not be rtxj 
different if assumed to be proportional to the amounts of oxygen concerned m 
the chemical reactions in each case, but tbe greater volnme of Uie gases evolved 
from gun-cotton mokes thdr actual temperature less and their medianical effeet 

O'he much greater heating effect, however, which gunpowder exerts npou tiw 
gun from which it is fired is to be attributed not only to ihe higher temperature 
and greater density of the products of explosion, but to the circumstance that 
In the cose of gunpowder sulphide of potassium is deposited on tbe walls of tbe 
gun, probably from a state of vapor, imparting to the cold metal both its free 
heat and its heat of 'condensation, the action being analogous to that of steam, 
which, in condensing on a cold body, heats it much more rapidly thaa a car- 
rent of a non-condensible gas of the same temperature could have done. 

B. F. CBAIQ. 

* It ma7 be here remarked that tbe comparatiTe mechanical energy developed in fire-arvfl 
hy eonpowder and bv guD-coltoQ is to be estimated not by tbe amount of motion imparled 
to the projectile, bnt by that imparted to the gun. 

Tbese two are different thiuga, and the latter must always be greater than Ihfi romiei by 
an amount equal to the ctf niva-wiih which the products of decomposition of the projectiiF 
agent are expelled from the gun, and Ibis vis rira must, of course, vaiy with the weight ol 
£e explosive material. 

This coDiideraiion uaket it evident wbv, when a tesger weif^ht of gun-coUon is substi- 
tuted for a greater weight of gtmpowder, tue recoil of the gun u less, while the velocity of 
the shot may be uncbuged. B. F. C. 
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DESCKIPnON OF APPARATUS FOB TESTING 

RESULTS OF PERSPIRATION AND RESPIRATION 

m THE PHTSIOLOQICAL INSTITUTE AT MDNICEl. 



BY PBOFBSSOB HAZ FBTTBNKOFBR. 



In order to determine the qaaiititr*of carbonic acid and vater Becreted b^ 
tbe skin and longs, TBiiotu metbodB have been proposed. The nietlioda of 
Bcbarling, Vierordt, Valentin and llranner, Begnaolt and Beiset, Smith and 
oUiera, with their resDlta, are sufficiently known to every physiologist and 
dwmist. What has been justly objected to all methods hitberto applied to 
men and tbe lai^er animals has been in reference easentially to two considcra* 
taona : first, that tbe degree of accuracy of the methods hod not been ascer- 
tained by test-experiments witb known qnantities of carbonic acid ; and second, 
tbat men and unimals bad heen forced to respire nnder conditions more or less 
tmnsnal or oppressive, and hence not natural. I have, therofoie, for years been 
occupied with the tbonght of some method for detemuning with sufficient pre- 
ctoion the quantity of carbonic acid which a man develops when moving and 
breathing Ireely without tbe interposition of any apparatus whatever. The 
imveatigations of Bischoff and Voit in regard to the nourishment of camivoioaa 
animoJs have shown that the carbonic acid passing o£F through the skin and 
InngB cannot be witb certainty calculated from the difference between tbe car- 
bon taken in with the food and that eliminated in the urine and excremeoti 
taking into account also the weight of the body, because two unknown thingSt 
carbonic acid and water, escape at the same time and in varying proportions, 
through the skin and Jungs. Since, then, there was a uecessity for determin- 
ing directly one at least of the two quantities, I resumed the attempt at a sola- 
tioD of the problem. I soon peiceived that success was attainable only by 
directing over the hnmati body a current of air of measured and constant 
force, and then determining the accession of carbonic acid and water to this 
current of air. It rery soon atmck me that something like a parlor stove 
might be adopted as a model. As long as the chimney draws, no smoke 
escapes at the joints or door of tbe stove, but the outside air presses from all 
directions into the stove in order to reach tbe chimney. If an exact measure- 
meot, in the pipe which conducts the smoke from the stove to tbe chimney, of 
the amount of air which moves in it ia possible ; if, further, the compositioa 
of the air which enters the stove and passes from it can be ascertained from a 

nion of it, then all the factors are obtained which are needed in order to 
rmine what admixture the air-cuireut receives from tbe process of combus- 
tioD in tbe stove. Id tbe plan which I devised the stove is represented by a 
small cliamber of sheet-iron, which I shall call the saloon, placed within a 
lamer apartment ; the former being eight Bavarian feet in extent each way, 
-with light admitted from the top and through windows on tbe sides. The- 
wmdows should be cemented and tbe walls and ceiling riveted as nearly as 
possible air-tight. Tbe door has movable openings, in oi-der, when necessaryt 
to render the admission of air practicable at other points than the joints of tbo 
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door. On the side opposite to the door, two opemnge. one below and the otber 
above, lead through two cunductiog pipes outside the small chamber into a 
single and larger pipe, through which the tur flows towards that portion of tba 
apparatus which perfomu the Functions of a draaght-chimttey . This portion, 
which may be placed in another ap^u-tment of the honse than that in which 
the iron-chamber stands, consists of two auction -cylinders with hingc-valvee, 
which may be equally moved by a strong clock-work, with any desired force, 
by means of a small steam apparatus. The falling weight of the clock-work 
is at each moment wound up again aa fast as it deacenda. In this way ■ coa- 
Btant current of air through the door of the iron-chamber to the soction-pnmpa 
can be miuntained. The air cannot, however, reach the suction-pumps withont 
passing through a measuring apparatus which is in coostant operation. For 
this purpose L have choaen a gaa-dock, or atationary gas-meter, of such dimen- 
aions th:it 3,000 English cubic feet per hour can be accurately measured by it. 
In order to examine a portion of the air which enters through the door and 
other apertures of the apparatus-room and passes out of the aame by the anited 
conductor to the gas-meter, and from the' ascertained di£Ference in the amount 
of water and carbonic acid, to be able to reckon the quantity which was added 
inside of the apparatus, two aspirators* as employed, which draw uniformlj 
each a constantly equal portion of air. The water of tha air is, after tM 
known method, absoroed by aulphnric acid and weighed ; the carbonic acid ii 
ascertained by means of the air rising in small bubbles through a determiiut* 
quantity of lime-water of known strength, and the lime-water finally is exam- 
med iQ regard to its amount of quicklime by treatment with dilnted oxalia 
acid, exactly as I have described on another occasion. 

In order finally to be able to test the air which remains behind in the iron> 
chamber of the apparatus, a suction and force pump is placed in connexion 
with the pipe which conducts the air away, by the aid of which fiasks boldwg 
six to eight litres can be filled with air, which can be tested in regard to ita 
amount of carbonic acid by lime-water. The same pump serves also to aacev- 
tain, at soitable times during the experiment, the fluctuations of the carbooie 
acid in the air cnrrent. In addition to this, there is an arrangement which per- 
mits the making trials, of any number and extent, without suffering any Iom 
of air for the measurement of the entire current. A flask is attached air-tight 
to the pump, the air of which flask is perfectly replaced by continued pumping 
with air from the conductor. The air forced from the flask is not allowed to 
escape, hot is conducted by an India-rubber tnbe back again into the cnrrent 
whidi passes on to the gas-meter to a point, of conrse, where the determinatioB 
of the carbonic acid cannot be affected by it ; there is, therefore, a flask of aa 
btrodoced below, and in its place a flask of air withdrawn from the apparatoa. 
In order that the current of Mr may not discharge any water by evaporation 
from the largo gas-meter, the air parses, before it enters the gas-meter, throngfa 
a standing cylinder filled with pieces of pumice-stone, whicn are to be kept 
moist. Where the air passes out of the moistening appai^ns a psychrooKlec 
is placed in the pipe in order to show the temperature and moisture with wfaick 
it enters the gos-mcter, and is measured. There are also in the conductor ia 
front of the moistening apparatus a psychrometer and several places for at- 
taclung tubes in order to take out air for exoerimenL 

Afler communicatinE the plan which I had projected to the presidetit of the 
aotdemy. Baron Von Liebig, and a few other associatea iq the same branch of 
■cience, I applied to the technical commission of the natural seiencea of tha 
academy. Upon a report of this commission, accom[»aied by accurate esti- 
mates of costs, his Uajesty granted out of his private purse 4,000 florins for 
the construction of the apparatoa. 1 but follow the dictates of my heart, and 
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what would be the eense of duty of all who deem the jAijaiology of aasimila- 
tioD imporlanti when, on this occasion of making to the academy my firet 
teport of the apparatus now completed and tested, I express my mo^l profound 
anotions of gratitude to his UajestyKing llax II, of Bavaria, as the geaeruos 
protector and intelligent promoter of the sciences. 

The whole apparatus was put up during the last winter. Since May I have 
occnpied myself with testing it in every respect, and can now declare it com- 
plete and entirely eatisfactory for the purposes proposed, which may hk said 
also (^ all the methods of iuveetigation employed in using it. That upon 
which'the whole finally turned was the proof that the amounts of carbonic acid 
developed in the saloon of the apparatus could really be found again and de- 
termined with the requisite exactness, a test which in all previous reepiratory 
Mparatns has been wanting. After I had by various experiments ascertainea 
all the influences which the apparatus and the methods exert upon the exact- 
ness of the results, I selected some stearine candles of good quality and deter- 
mined theit amount of carbonic acid by elementary analysis. They yielded 
on the average, after three coDcnrring experiments, f Varbramvngen,) for 
which the material had always been taken from a different candle, to 100 parts 
by weight, 291 parts by weight of carbouic add, so that to one grain of stea- 
riite may be computed 1,484 cubic centimetres of carbonic acid, the weight of a 
litre of carbonic acid at 0° 0. and 760 millimetrea quicksilver pressure beiog 
ivckoued at 1.987 grammei. If the suction-pumps of the i^paratus and the 
aspirators for the analysis of the air were in operation at the same time, a 
weighed candle in the saloon was lighted from without and before the close 
of the experiment again extinguiehed from without and afterwards weighed, 
the carbonic acid formed by the burning of- the candle must be partly iq the 
■it which has passed through the large gaa-meter and partly in that which 
teoiadafl behind in the saloon. The amount of carbonic acid iu the air which 
goes through the gas-met^' is ascertained, as already mentioned, by passing 
through lime-water as long as the air flows and is meaaured, a constantly equal 
portion (say, 100 cubic centimetres per minute) drawn without interruption 
from the current which passes from the saloon to the gas-meter. The amount 
of carbonic acid which remains behind in the air of toe saloon is determined 
is this manner: afier a proper mixing of air-strata in the saloon by means of 
B fan put in mo^on from without, two or more flasks of six to eight litres, 
filled by the pump at the conductor leading off from the saloon, are tested with 
lime-water and an estimate made founded upon the known cubic measure of 
tlie saloon. Not until after these flasks are filled should the saloon be entered 
to take out and weigh the candle. As, however, the air which has passed 
through the gas-meter and that which has remmned behind in the saloon con- 
tains not only the carbonic acid which arose from the burning of the candle in 
llie saloon, but also that part which the air already contained when it entered 
the saloon from without, the amount of carbonic acid contaiued in the entering 
air must be'deducted. This may be known from repeating the experiment by 
'which the air flowing in is drawn off and examined in exactly the same man- 
ner and as nearly as possible the same quantity as that passing out. Only the 
dificrence, therefore, of the carbonic acid within and without is reckoned, and 
It ia precisely this which makes the determinations exact, since all the constant 
emrt of the system are thereby eliminated. 

It is obvious that all measured quantities of air must be reduced, as regards 
tension t>f vapor, temperature and air-pressure, to the usual standard. 

I do not venture to ask the attention of the reader to all the necessary de- 
tails of the apparatus or of an experiment. ' I must reserve these and their 
jnatificatioR to a mon extended discussion in the papers of the technical com- 
misBion, and take the liberty here only briefly to state, in addition, the results 
•f fchm qnaatitatiTe experiments. ^O^i Ic 
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I. 

During an experiment vliich laated 184 xainntee, 25^10 gra. of a etearine 
candle were consnmed. which moat generate 36.921 litres of carbonic acid. 
During the time of the experiment 4.9T22 litres of air passed through the gas- 
meter. As the difference of the carbonic acid of this air and that entering the 
appuratuB from without, there results, m place of the above amount, 31.623 litiea 
ol car)(onic acid. There were still fi.91i2 litres of carbonic acid remaining in 
the Baloon, and hence there was found 0.6 litre, or 1 J per cent., as anrplna. 

II. 

The experiment luted 215 minntes; S3.776 gre. of etearine candle were con- 
Burned, which represent 49.610 litres of carbonic acid. 68.554 litres again 
passed through the gasmeter, together with 41.690 litres of carbonic acid. 
8.019 litres of carbonic acid remained still in the saloon. There were, thexefoie, 
found 0.19 litre of carbonic acid, or about 0.4 p&t cent, too much. 

III. 

The experiment lasted 188 minntea ; 27.513 grs. of stearine candle were con- 
snmed, representing 40.298 litres of carbonic acid. 50.680 litres of air passed . 
throngh the gas-meter, together with 33.347 litres of carbonic acid ; in the saloon 
remained still 7.3S8 litres of carbonic add. There were found, therefore, 0:277 
litre, or 0.6 per cent, too much. 

It will be perceived that the result of th« experiments agrees very nearly 
with the theory ; better, indeed, than could have Deen expected in view of tu 
large 'dimensions of the apparatus and the great rarefaction of the carbonic add. 
The accuracy is at least fully sufficient for the purpose proposed; and by otha 
experiments I have been convinced that the determination of the carbonic 
acid remaining in the saloon is the main source of the slight uncert^nty which 
still occurs, as this cannot be drawn off with the desirable exactness. If the 
carbonic acid remaining in the saloon amounts to more than one-fiflh of the 
qoautity which is contained in the cnrrent which had passed throngh the gas- 
meter, the uncertainty becomes very perceptible, and may amount in case of 
one-third and over to even seven or eight per cent. As proof of this I adduce 
Btitl two other trials affected with this error. 

fa.J The experiment lasted 167 minutes ; 21.485 grammes of stearine can^a 
were consumed, answering to 31.465 litres of carbonic acid. 42.862litree of air 
passed throngh the gas-meter, together with 21.56 litres of carbonic acid. In 
the saloon remaned still 7.57 litres of carbonic acid, or 5f per cent, too much. 

(b.J The experiment lasted 108 minutes; 16.129 grs. of stearine candle were 
consumed, representing 23.621 litres of carbonic acid. 29.626 litres of air 

Sused through the gas-meter, together with 15.02 litres of carbonic acid. In 
le saloon remained still 6.73 litres of carbonic acid. There was found, there- 
fore, B per cent, too little. 

Supported by these and still other experiments, I can with safety assune 
that, in an experiment of such duration, more tbui four-6fi:hB of the carboeie 
acid developed passes over into the current between the saloon and the gas- 
meter; no greater uncertainty than one or at most two per cent, is to be feared. 
As in experiments with men and animals the time may be extended to 13 and 24 
hours, the hope of attaining a still greater accuracy is not unfounded. I shoald 
have been pleased to extend a test experiment with candles to 24 hours ; the aspire 
tors for the examination of the airr however, which are now at my dispoaal, per- 
form their functions only five hours without interruption, A remedy wifl be 
found for the defect within a short time in a small pump apparatus, which, in 
connexion with the large saction pumps in the ei^ne^mnse, will ooastaiid/ 
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ftimieh a mtiform portion of the air iuBide and ontside of the apparstoB for ex- 
amiaation, bo long as the ur cmreiit is in motioa— that is. bo long, io general, aa 
an experiment coutinneB.* 

In closing I take the libertj' to call attention specially to the fact that the 
reepiratorj and perspiratory apparatua in the PhyBiological Institnte here- ie the 
first in vhich a result is poBBible under normal conditions; persons can live in 
it juBt as in a well-aired room, in which thej can freely move, labor, eat and 
sleep, aa they had been accnstomed to do. By a morable window at the door of 
the aaloon, food and other things can be taken in and out, withont the fear of 
disturbing the experiment, with just as little concern as in a room, Bupposing 
the chimney-draught in ordef , one opens the door to Stir the fire or remove the 
ashes without the eecape of smoke. 

The person outBide of the saloon, conducting the experiment, does not in tha 
least disturb the result by his respiration, Sec., for the amount of carbonic acid 
of the air entering the saloon is constantly controlled by one of the two exam- 
ining apparatus, and can therefore be drawn off. I have never hesitated to 
smoke cigars during tbe progresB of a test experiment, or to receive vifiitors 
who also smoked, knowing that the changes of the air ontside of the salooa 
are to be ascertained precisely in the same way and with the some exactnesB 
aa those in the saloon. As only the difference ie calculated, it is all the same 
whether this is more or less, provided it can be detennined with certainty. 

In the test experiment w'th candles I have hitherto employed a change -of 
air of somewhat more than eleven English cubic feet (about 314 litrea) per 
minnte. In on hour, therefore, there entered into Uie saloon, which contains 
somewhat more than 12,000 litres, much more than its own capacity of fresh ur. 

• By increasing the force of the Buction-pampa which ore worked by the engine, 
the air-chapge can be quadrupled without thereby producing the slightest sensi- 
lile draught in the saloon, except in the immediate vicinity (four to six inches) of 
the openings in tbe saloon door. Opposite to these openinga the transverse eee- 
tion of tbe saloon ia ao considerable, that the rapidity of the movement of the 
air must become imperceptible in the saloon itself, even if it is felt immediatetr 
at the narrow openinga. Under the greatest forcK of the suction -pnmps, wbicn 
aoewera to a ventilation of 3,000 English cubic feet an hour, a candle etUl bums 
perfectly undiscorbed in tbe middle of the saloon. 

That the rapidity of tbe entrance of the air at the saloon door is greater than 
that of its difiusion — in other words, that there is no loss of carbonic acid to 
be feared from tbe diffusion— is established Bimply by noticing whether the 
pungent smelling smoke generated and obaerved in the saloon is observable at 
the cracks on the outaide. After tbia experiment had been repeatedly made 
with negative resnltB, one might have been a priori, satisfied that no carbonic 
acid developed in tbe salooa can be lost, which fact is also perfectly established 
by the quantitative determinations. I am convinced that with this apparatus 
aU questions of animal and vegetable physiology, so &r as they relate to an in- 
crease or diminution of carbonic add and water in the ur, can be solved with 
exactness and under perfectly natoral eonditions.t 

Note BT the Trahslatob.— Profeuot Pettenkofer huded me the abave report, at mj 
reqaeM, when I ouce viiiled bim dnrine an gxperinNDt in tha Pbjiiologieal InititDle, ana 
he tbcn made in pcndl-mark the sevenJ short udIm which are nven in coniLBzion with the 
traatJaljian. A. T. B. ' 

"TIm test ezwdments with candles have ilnce been extended to twelve hoars, and bars 
•iTen an entirelr aecorals result, Aa llread; *tat«d, the pniap appaTBtna C0Dnecl«d with 
tka propeUing madunery providea, at present, fur the eiaaUDBtiuD of the two portiona of air, 
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(5.) Airtf, — On the obacrvation of the flolar eclipse, July 18, 1860. Monthly 
Notices, xz, 181. 

(6.) American NatUieal Almanac. — Totaleclipseof July 17, 1860. Specially 
printed. 

(7.) Msdler. — L'eclipsesolairedu 18 Jnillet. 1860. Observations of Imperials 
University Observatory, Dorpat. xv, Part I, App., p. 1. 
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(25.) B«rn(— ObseiTRtion de reclipae totale du Bolcil da 18 Juillet. 1860. 
Bulletin de I'Obs. de Paris, 26-27 Sept., 1860. 
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pp. 139-142. 
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(52.) Brazraoietki. — Cauaea dea rayons courbea de la couronne dea edipsea 
solairea. Cosmos, xvii, 748, 749. 

(53.) Liais. — Sur la poliuisation de la conronne dea edipsca. Pointiiy da 
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I'eolipse total de soleil du 13 Juillet, 1860. Comptea Rendus, li, 220-223. !□■ 
stitut, 1860, p. 259. 

(55.) Pefjt.^-Observations de I'eclipee du 13 Juillet fai1«a it Briviearx 
Compl«a Betidus, It, 389-304 ; Coamoa, xvii, 152, 153 ; Inatitut, 1860, pp. 3 L8, 31!'. 

(5G.) Pelit. — Beobachtung der totalen SonuenfinstemiaB am 18 Juli, 18G0- 
Astr. Nachr., liv, 75. 

(57.) D'Abbadie. — Eclipae totale du IS Juillet, 1860. Bomarqucs dc Mi. 
Faye. Comptes Kendua, li, 703-709 ; Inatitot, 1860, pp. 380-382 ; Cosmoi, 
ivii, 683-585, 589-592 ; Astr. Nachr., liv, 277. 

(58.) Airy. — On a result deduced by Mr. d'Abbadie from observations of the 
total eclipse of July 18. 1800. Monthly Notices, xxii, 3-5. 

(59.) Farytam, Maxicell, hyU, and Mieheliac. — Observation de I'eclipae de 
aoleil a rb6teUerie atu le veraant du eud du pic du Midi, Pyrenees. Comptes 
Bendaa, li, 181, 182 ; Institut, 1860, pp. 389-399. 

(60.) A. &ccA».— Observations faites pendant reclipso totale du 18 Juillet, 
1860, an sommet du Hout St. Michel au Desierto do las PaJmas ea Espagoa. 
Comptes Rendus, li, 152-162, 276-279, 386-388, 749-751 ; Institut, 1860, pp. 
250,251,259,200,282-283; Cosmos, xvii, 151, 152,242^329, 4G3-470; Heia, 
W. S., 1860, pp. 2G3, 264, 206, 366-363, 382-384; Aatr. Nachr., liv, 35, 263. 

(61.) A.Secchi. — RelazionedeUeosBervazionifatteinSpagnaduraatereccliaM 
totale del 18 Luglio, 1800, (Estratto.) Roma, 1860; printed from Cimento, lii, 
147-180. 

(02.) A. Secchi. — Aggtunta alia relaztone delle osservazioni fatte in Spagna- 
Boma, 1860. 

(63.) A. Aguilar. — Observation faite au Dcaicrto de las Palmas de I'eclipH 
de aoleil du 18 Juillet, 1860. Coamoa, xvii. 329, 330; Heia, W. S., 1861, pp. 5-7, 
9-12, 17-18; Aatr. Nachr. liv, 17. 

(64.) A- Aguilar. — Commuuicacion del director del observatorio de Madrid 
al Comiaario Rcgio del miamo, particip&ndola lo!> principalea reanltadoa obtenidtM 
en la obserracion del eclipae de aol del 18 de Julio, en el Desierto de las Palmu. 

(05.) A. Aguilar. — Eclipse de aol del 18 do Julio, de 1860. Annaaire d. 
Observ. R. de iladrid, 1860. p. J71-257. 

(66.) Don Frane. de Paula Marquez. — Uemoria aobie el eclipse de sol do 19 
de Julio, de 1860. Publicada de orden Bnperior, Madrid, 1S61. , 
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(67.) E. Goa/ter.— Observation tie I'eclipse totale He aoleil ie IS Juillct, 
I860, A 'J'arazona, (Ara^n.) Arch. d. 8c. Pbya., (2,) ix, 236-247. 

(6S.) A. Laussfdat.—Ohswvaiion de I'eclipse du 18 .Ttiitlet. & fiatna. Algferio, 
Comptea Kendua, li, 270, 27l, 441-445; Inetitut, 1860, pp. 278, 322-^24; 
ConnoB, xvii, 361, 362. 

(GEI.) Faye. — Remarqnea aur I'liypothcse de ratmosphfere de la lane h I'ooca- 
BJon de la, lecture preccdcntc. Comptea Beadas, li, 445-448; Coanioa, xrii, 
36S, 363; Iiistitnt, 1860, pp. 307-311. 

(70.) Mahmoud Bey. — Uapport A son Alteeae le viceroy d'Egypte aur I'eclipse 
totaJe du 18 Jnillet, obaervii >k DoDgolali. Comptcs Kendua, li, C80-684; Heie, 
W. S., 1860, 412, 413; Coamoa, xvii, 669-571 ; Inatitut, 18C0. p. 374. 

(71.) Faye. — Rapport aur robsorvntion de recllpac du 18 Juiliet, fuite en 
Nubie par Slahmoud Bey. Comptea Itcndua, liii, Ki3-139. 

(72.) Alexander. — Od the rcanka of tbc natronomical expedition to Labrador to 
Ticwtbe eclipse. Report of American AsaociatioD. Edinburgh J., (3.) xii, 295, 296. 

(73.) Gilliti. — An account of the total cclipae of the sun, July 18, 1860, as 
obaerved near Steilacoom, Waahington Territory, 

(74.) C. M. Goulier. — Eclipae de aoleil du 18 Jaillet, 1860. Note accom- 
pagnant I'envoi do trois iinagea photograph iques faites k Metz par le capitaiae 
de g^nie Lamcy. Comptea Kenans, li, 148. 

(75.) Vernier, (JiU.j-—Ohaarva.l\oa& de temperature faitea Jl Belfort durant 
I'eclipae, images photographiqncade'raatrc eclipse. ComptesBendua.li, 148, 149, 

(76.) W. de la Rue. — The recent solar eclipse as seen in Spain. lUustrnted 
London News, August 25, 1860; AthenBeum, Angust 25, 1860; Heis, \V. S., 
1860; pp. 325-328. 329; Prcasc Scientifique, 1861, (3,) pp. 257-261. 

(77.) iJamont. — Sur lea protuberances rouges observbes pendant I'eclipse de 
Boleil du 18 Juiliet, 1860, Bulletin de Bmxellea, (2,) x, 426-439; (Classe de 
Sciences, 1860, pp. 541-544.) 

(78.) Lamimt. — Die SonncnfinstemisB Tom 18 Juli, bctreffend, Heia, Vf. S., 
1860, pp. 308-310. 

(79.) C. von WaUmherg. — Einige Mitthcilungen iiber die totalo Sonnenfins- 
temiaa am 18 Juli, 18G0, beobacbtet zu Valencia. Astr. Nachr., lir, C5, 

(SO.) HatMt. — Bcobachtung der totalcn Sonnenfinsterniss Tom 18 Juli, 1860, 
su Valencia. Aetr. Kacbr., liv, 337. 

(81.) Adi^ph. — Bcobachtung der portiellen Sonnenfinstcraiaa Tom 18 Jolit 
1860, zn GOttingen. Astr. Nachr., It, 91. 

(82.) J. Spiller. — Photographic ohaciTations of the solar eclipae, July 18, 
1860, Phil. Mag., (4,) xx. 192-104, 

(83.) E. Quetelet, H. Hooreman. — Note sur I'eclipae de aoleil du 13 Juiliet, 
1860, obaerv6e k I'obaerTatoire royal de Bruxellca. Bulletin de Braxelles, (2,) 
X, 181-184, (Olasae de Sciences, 1860. pp. 339-342 ;) Aatr. Nachr., liv, 1. 

(84.) A. Quetelet. — Eclipse partielle de aoleil obscrv^e i Kensington Ic 18 
Jnillet, 1860. Bulletin de Brnxellea, (2,) x, 185, 186, (Claeae de Sciencea, 
1860, pp. 343, 344; Inatirut, 1860, pp. 326-328. 

(85.) W. 8. Jacob. — Notes on the total eclipae of the Bnn of July 18, 1860, 
observed in Spain. Edinburgh Journal, (2,) xiii, 1-G. 
• (86.) W. Ferrell. — Narrative of the American expedition to N. W. British 

I S' America, to observe the total aolar eclipae of July 18, 1860. Siilimon's Joumoli 

V (2.) xxxi, 139-142; Heia, W. S., 1861, pp. 30-39. 45-48, 51. 52. 
t {&7.) Zanteadeschi. — Sur lea phdnom6ncs qui out accompagnd I'eclipse de 

Boleil du IB Jnillet, ISOO. Comptea Rendua, liii, 194, 195. 

(88.) Airy. — Reaulta of observationa of the solar eclipse of July 18, 1860, 
made at the Royal ObBerralary, Greenwich. Monthly Notici a, xxi, 155-157, 

(89.) GzHlz/tT.— Die Sonnenfinsterniss am 18 Juli, 1860, beobachtoC zu 
Greifawolde. Heia, W. S., 1860, pp. 284, 285, 289, 290, 293, 317. 318, 329, 330 
338, 339. ^ - I 
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. (90.) AccotiDlfl of the eolar eclipse, July 18, 18G0, aa observed in Engluid, 
at Greenwich Hospital, by Mr. Uiudlc ; at Greenwich, by Bcr. G. Fiehec ; oi 
Marcsfield, by Captaia Noble; at Uckficld, by Mr. Lec8oa Prince; at Eligb- 
bury, by Mr. T. W. Bure ; at niiddenbam, by Rev. W. It. Dawea. Moiiibly 
Notices, xxi. 16-27. 

(91.) CorrcHpoQdcnznacbrichten die SonLCDlingtemiaa vom 18 Juli, ISGO, 
betreflend. IlciH. W. 8., 1S60, pp. 253, 253, 2GI, 202. 276. 277, 322-333. 389. 

(92.) G. SchiBciser.'—Uchct die in dor Nahe der Sounenmnder beob.ichtctea 
Flecken vor and oacli der totitlco Sonnenfiaeteraida des 18 Juli, 1860. Bulletin 
de UoBcon, 1860, (2,) pp. 238-267. 

S93.) Bleteorologiecbc Bcobacbtungeu wiihrend der SonnCDfinsteruidd vom 18 
i, I860, zu Bo(5caux. Ueia, W. S., ISliO. p. 262. 

(94.) Krecke. — Teraperatnr der Lufi witbrond der .SoDnenfiusteruisa am 18 
Juli, 1360, zu Utrecht. Ileia, W. S., 1860. pp. 343, 344. 

(95.) Baudrimont, RauUn, IlitucI, Ituyer el Mice. — Eclipse solairo du 18 
Juillet, 1860; observations do physique et dc meteorologit: tiiites i Bordeaux. 
Compter Kendue, li. I45-L47; Go^moa, xvii, 153, 154. 

(96.) L.Palmieri. — OascrvaziouimeteorologLcbecmagnettcbc durante recIiaM 
nitima. Cimcnto, xii, 145-147. 

(97.) E. Deaaim. — Observations thermomctriquea institu^ce pendant I'eclipsa 
de aolcii du 18 Jnitlet, 1860. Goamos, xvii. Il», 119. 

(OS.) Lorey. — SounenfinBteruiaa am 18 Juli, 18G0, beobocbtet auf dcm I'nuls- 
thuiiac, in Fi-ankl'urt aut M:uu. Juhreabericht der Frankfurt Vercin, ltj59-'60, 
p. 53. 

(99.) hindhagen.^-3p^\,tA%t\6CT Ofvcr solfunniirkelaca den IS Juli, i Spanien. 
Ofvcw. al" Foi-h.andl, 1860, pp. 383-404. 

(100.) A. Mliller. — Bcrilttelacom en med auslagaf olmilaQeniedel fOretragea 
resit lumiti det uuo af Spanien, obaervera den totalc sollurmurkelscn a£ dou 18 
Juli, 18G0. Ofvers. af Forbandl, 1860, pp. 405-414. 

(101.) A. il/^^r.— Beohachtiing der totaleu SouneDfinatemiss am 18 Juli, 
1860. in Lund. Astr. Nachr., liv, 96. 

(102.) Bruhna. — Beobachtung der totalcQ Son nen fins tcmia'a vom 18 Juli, 
18G0. in Tarazona, in Spnnicn. Lcipz. Bcr.. 1860, pp. 214-232; Aixhiv des 
Sciencea I'hys.. (2.) xiii, 246-249 ; Zoitachrift fur Naturw. xviii, 37-38. 
,(103.) 0. Sirure. — Bericht ubi-r die Beobachtung der totalen Sonnendndter- 
niaa vom 6, (18.) Juli, 1860, zu Pobea. Bulletin der St. Petersb., i, 385-396. 

(104.) Saiiler. — Beobachtung der particllcn SonnenliuatcmiBa vom 13 Juli, 
1860, in Wilna. Astr. Niichr., liv, 21. 

(105.) Von Litlrom. — Bcobnchlung der p.irtiellcn Sonne nfinstcrniss vom 18 
Juli. I860, in Wien. Astr. Nuclir., liv, 135, 

(lOG.) Th. TA«/e.— Solfonniirkelsen den 18 Juli, 1860, observctet i Vitoria. 
Nordisk. Univera., Tidskrift, 6 Aiirg.. 11 Heft. 1860. 

(107.) D' Arrest. — Beretniug over Jiigttagi-'lsen af der totalo Solformiirkclse 
der indtraf i Simnien den 13 Juli, 1860. (preliminary notice.) Overs, over 
Forbandl, 1860. 105, 196. 

(103.) Bulard. — Eclipse total de solcti da 18 Juillet, 1860, obaerv^o a Lam- 
bcasn, (province de GonBtautinc.) Comptes Rendus, liii, 509-512. 

(109.) Zuntcsdeschi. — lutornoai feaomeni osservati in Italia ueleclisaedi aole, 
18 Lnglio, 18G0. Cherbourg, 1861. 

(110.) E. Kayier. — Bcobncbtung der Sonnenfinstcmiss am 18 Juli, 1660, in 
Danzig. Astr. Nachr.. liv, 225. 226. 

(III.) Legnazzi. — Osaervazioni del principio c della fine del I'ccliaac del 18 
Luglio, I860, t'at^c all. I. R. Osscrvatorio AstronomicodiPodova. Astr.Nachr., 
liv, 263. 

(112.) Maury. — Eclipae of the sun, July, 1860, Waabington. Astr. Nachr., 
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(113.) Wolf. — BcobachtungderparttelleikSoDneDfiaEStemiBSza Zurich. Astr. 
Nachr , Iv, 337, 338. 

In the great number of eesaje and notices contained in the above catalogues. 
space would not allow ns to consider each one eeparatety, even independently 
of the many repetitione which muet thereby arise. I will, thcrerorc, give a gtn- 
eral account of the phenomena of the solar eclipse of the 18tb of July, 1B60, 
aud therein! in order to simplify the citations as much as possible, will always 
adjoin, in parentheses, the eatalogut number of the memoir to which reference 
is made in the statements. 

Tlic writings designated above refer both to stations where the sun appeared 
partially eclipsed, and also to those which lay within the zone of total eclipse. 
With reference to the first class, it will be sufficient merely to enumerato the 
names of the stations. They are as follows : Athens, (39;) Belfort, (76;) Bor- 
deaux, (93, 9.5;) Breslau, (40;) Brussels, (83;) Dantzic, (llO;) Frankfort-on- 
the-Maiii, (98;) G*lttingen, (81;) Greenwichi (90;) Greifswalde, (89;) Had- 
denliam, (90;) Highbury, (90;) Kensington, (84;) Kiel, (26;) Kremsmilnster, 
(38;) Luud, (101;) Milan, (37;) Marestield, (96;) Mctz, (74;) Naples. (96;) 
Padua, (111;) Pic du Midi. Pyrenees, (59;) Itomc. (61;) Storlus, (35;) IVieste. 
(36;) Uckfield,(90;) Utrecht, (94;) Vienna, (105;) Washington. (112;) Wilna. 
(104;) Woolwich, (82;) Zurich, (113.) 

The observations made within the zone of totality are the only ones which 
are of especial interest ; and in this respect there is in the above collection an 
important deficiency, since the observations recorded by the English astrouo- 
mera in northern Spain have only been published as yet to a very limited 
extent and very incompletely. , 

The zone of total eclipse began in North America, traversed Spain from north 
to south, passed over thence to Algiers, and ended in the interior of Africa. 
Ip North America, the government of the United States sent two expeditions — 
the one, under the direction of Mr. Alexander, to the coast of Labrador ; the 
other, in charge of Mr. Gilliss, to Steilacoom, Washington Territory ; but ob- 
acrvations could be made only at the latter point. 

The beat opportunity for observations was furnished in Spain, and thither, 
accordingly, moat of the astronomers betook themselves. 

Notwithstanding that from the first, by a. circular sent from the directory of 
the ohftervatory at Madrid to all £urop<!an astronomers, and published in the 
Astronomii-chc Nachrichten, lii, 353-2AC, as well aa in the Monthly Notices, 
XX, 184-187, the endeavor was made to distribute the stations uniformly over 
the whole zone of total eclipse, this waa hut very imperfectly accomplished, 
and, iuMteud of an equable djstribucion, there resulted a collection into three 
groups, namely : 

NortJiem g^roup, with Yittoria ai the central point. — This group consisted of 
Messrs. Airy, O, Struve, W. de la Kue. Winneeke, Miidler, Prazmowski, Mil- 
ler, d'Arrest, Weyer, Feamley, Liudeluf, Lindhagen, Petit, d'Abbadie, Lcs- 
piault. Goldschmidt, Thiele, Burat. 

MiddiF grtntp ; central point, Tara=ona. — This Inclodes Mchstb. Le Terrier, 
Villarceaii, Chacoroac, Foucault, Ismail KfTenJi, Bruhns, Gauticr, Novella. 

Southern group; central point. Castellan de la Plana. — To this group belong 
Messrs. Sccclii, Aguilar, Plantamour, Biimkcr, B. von Fcilitzsch, Bremiker, 
Morqucz, Carlini, Ponntl, Uuase, Von Wallenberg, Ribeiro de Sousa Pinto, 
Ant. de 8ouza, J. C. de Brito CapcIIo, Klinkerfues, Lamont. 

The Freneh government sent to Algiers, under Mr. Laussedat, a commisaioQ 
consisting of olEcers and professors of the Polytechnic School, who stationed 
themselves iu Batua ; and the Viceroy of Egypt sent the astronomer of Cairo, 
Mahmoud Bey, with a uomerons retinue, to Uongolah, on the Nile, (19° 13' 41" 
north latitude.) 
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Let ns firet contemplate the prog^es of the phenomcnoo in geooral. A very 
important circnmataDce was noticed everywhere, viz., that when (observing vrith 
the glaaa screea) the san eeeineil to'buvL'Cuniplettlj' disappeared, and the screea 
Vaa then quickly removed, a bright eolar credcent waa still vixible, diBappearing 
eome tweuty or thirty eeconds later. This ia the same pbenomenou which Mr. 
Airy lirat flaw in 1843, at the Sapyrga near Turin, and descritied by Baying that 
be had obaerved the sun vanish tidce behind the moon. In the present case, 
fome obacrvera state that they aaw a second aolar crescent; others only remark 
ibat, after removing the screen, tht-ru was a dazzling brilliancy which compelled 
ihem to withdraw tbe eye from the oye-piece. This circnmstance is especidly 
important tor the reason that it has infinence upon tbe observed duration of 
totality, since it is evident that ihia duration will come out longer or ehorter, 
according as the beginning and end of totality are observed with or without the 
Ecreeu ; also, the iBtensity of shade of tbe screen will have its influence. Tha 
greater part of the obaervers probably observed the beginning with and the end 
wiibout the screen. 

During the second vanishing of the sun, or ev,eu a few seconds earlier, nu- 
merous intensely red rays issued from the moon's lirnb> the smaller ones of which 
soon disappeared, but the larger showed as profu/ieraacet after the eclipse was 
completed. According to some observers tlie vanishing solar crescent trans- 
formed itself into an intensely red border; while others saw, at the moment of 
the Biin'a vanishing, the whole moon siin-ounded by a small red border, eidier 
of red pearls or flames, which seemed to run around it. It was noticed by every 
one that a red border preceded tbe appearance of the sun on the west side. 

Tho protuberances appeared upon tbo east, south, and north sides almost 
Bimullaneonsly, hut ouly towards tho middle of tho toUility did they come out 
upon tbe west, and gr^uaily increased in height, while the eastern ones con- 
tinually diminished, and entirely disappeared. Their color waa red, more or 
less iuteuse, and here and there orange. The protuberances were better eeeu 
with a light red glass screen than without any screen at all, and with such a 
glass could bo longer followed even after the totality, a ciicumstauce of which 
great advantage cau bo taken in future observations. 

No ground waa given for the assumptiou of a connexion of the proluberaitctt 
with tbe solar »pota. 

In the corona there were to bo distinguished the innermoH tmall ring, the 
outer broad ring, and tbe rays or halo. 

Of tbe innermost Bmidl ring the moon's limb formed tho interior limit, and a 
Bharp circular line concentric with the moon's limb, and about two minutes 
distant from it, the outer limit. Tbe light was silver white, and of equal 
intensity throughout, or perhaps a little fainter just at the moon's limb. 

The outer ring diminished in intensity as tho distance from the moon's limb 
incrensed, and an exterior limit could not be assigned to it. 

The rays reached a distance of more than a diameter of tho moon, and were 
partly straight, partly curved. 

The corona was seen for several minutes before and after the totality. 

Phenomena exactly corresponding to the fringes and pearls described by 
Baily were not recognized. 

The darknoas during totality was, in America, equal to that of night. In 
Spain and Algiers there remained a twilight sufficient to enable tbe observer, 
without a lantern, to recognize the seconds of the chronometer, and to read 
coarse print. The planets and stars of the first magnitude in the vicinity of 
the sun were easily perceived. As regards the planet of Lescurbatilt, its non- 
appearance contributed to confirm , the opinion which the great number of 
astronomers had already formed relative to it. 

'f he dark spots or fringes w^ich were first seen, in 1842, to pass over on tho 
floor or on white walls immediately belure the totality attracted the attention of 
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ntaaj observers in Spain and Alters, who weie occupied with the general 



South. 



progress of the phenomenon ; and it ap- 
peared that thej begin about a minute be- 
fore the vanishing of the sun, and move on 
parallel with the solar crescent, i. e., parallel 
with the tangent of the point of the moon's 
limb, where the sun voniuhes. 

A collation of the observations decides • 
at once one of the most important point:) 
of dispute, inasmuch as it comea out de- 
cidedly that e'Verywhere the principal pro- 
lub^ances appeared at the tame points of 
the moon's limb. 

T*be moat conspicuous protuberances are 
designated in the adjoining figure. Thi: 
first, which appeared imme^tely after the 

?nn vanished, was a, wbose angle of position (taken in some cases only from 

drawings) is thus given: 







lfi5° Bruhns, (Tarazona.) 
154 Secchi, (Desierto.) 
195 Agutlar, (Desierto.) 
143 PlanUmoiir. (Castellon.) 
160 Lamont, (Castellon.) 
140 Von Feilitscb, (Castellon.) 



155° W.de la Rue, (Rivabelloaa.) 

154 Winnecke, (PoW) 
144 Novella, (Tarazona.) 
156 d'Abbadie, (Brivieaca.) 
148 Thiele, (Vitoria.) 

155 Goldachmidt, (Vitoria.) 



The 



The long mountain ridge b is also to be perceived in all the drawings. 
angles of position arc, however, less accurate on account of ita extent. 

The protuberance c is especially deserving of notice, bccauae it appeand 
separated from the moon's limb. Its position was : 

45° Plantamonr. 
25 Novella. 



56° Airy. 
60 Bruhns. 
50 Secchi. 
59 Aguilar. 



67 W. debt Rue. 
6a-78 Winnecke. 
1>8 Goldscbmidt. 



The protuberance d appeared under the position- angle : 
25° Aguilar. I 35" Bruhne. 

16 Struve. 30 Lamont. 

36 Winnecke. 25 Goldscbmidt. 

[. 22 Airy. 

The protuberance e was noticed by only a few observers, and seems after- 
wards to have formed port of an extended mountain rid^c. The position waa 
given as follows : 

328° Novella. I 330° Aguilnr. 

320 Strove. 340 Bruhns. 

I 350 Goldachmidt. 

The protuberance J" was, at some places, observed as standing by itself; at 
others it formed only a part of a long mountain ridge, The poai Lion-angle was : 

260° Bruhns. 

277 Secchi. 

270 Plantamour. 

270 Lamont. 

The position of protuberance g was given as follows : 

266° Thiele. I 235° Aguilar. 



205° W. de la Rue. 
260-263 d'Abbadie. 
265 Aguilar. 
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It is imposeibie to establiah a compile aecordaace betwem (be obeerrotioM 
of the different oetronomers, boUt because no observer baa noted all tbe pro- 
tuberancee, and also becaaae, in estimating or graphically representing the 
position -angles, tbe accidental erron may come out quite large, as is already 
evident from the examples cited. To this may yet be added that on the west 
side of the moon, at the middle of totality, only tingh protuberances appeared ; 
while later, on this side, they extended to long monntaia ridges, so as to pre- 
) sent a different aspect every moment, rendering an identical reference impos- 
sible. 

The attempts made in Desierto de las Falmas aod Rivabellosa to photograph 
tbe phenomena of the eclipse led to the eatidt'actory resolt that not only some 
snccesB is to be obtained, (which, indeed, could scarcely be doubted after the 
attempts made in Eonigsberg in 1851,) but also that the phenomena are much 
more correctly and completely recorded than by direct observation. Tbe posi- 
tion-angles of the protuberances obtained by pKotograpbing (very uncertainly, 
indeed, on account of tbe emallneBS and want of precision in tbe images) wen 
given by Mr. Aguilar as follows : 





DedsrtodalMPalmM. 


...«-. 




23" 
67 
159 
194 
231 
S60 
276 
340 




2 do c 

3 do a 

4 do 

5 do 

li do g 

7 do /. 


57 
154 
197 
230 

278 
346 



The fourth protuberance was observed by Mr, Sccchi (pos. 195°) and Blr. 
Aguilar, (pos. 193°;) the fifth by Mr. Seccbi, (pos. 231°.)' Also, the long 
mountain ridge b occurs in the photographs. Moreover, the photographs show 
a considerable number of protuberances not included in the preceding list, and 
among these even very prominent ones, of u>hkh no trace wo* to be perceived 
by direct ohervatitm. The explanation of this fact presents many difficulties. 
since, if we say that the light of thoae protuberances may act chemically with- 
out affecting the retina of the eye, we must not forget that in practice hitherto 
no example of this sort has yet been exhibited. 

The fnct that the photographs obtained in Metz by Mr. Gonlier, (74,) and 
sent to the Paris Academy, show a sort of corona clode to the solar crescent, 
wliicb could not be seen by direct observation, appears to ho attributable to 
accidental causes, and certainly should not be considered analogous to the 
above-mentioned phenomenon. 

If we would consider more particularly the questions to be brought to test 
by tbe solar eclipse of the 18th of July, 1860, we find in tlie first rank those 
rulating to the tinture of Ike protuherancei- The manifold iavestigationd to 
which the earlier eclJpaes gave rise were so far from bringing a definite opinion 
with general acceptance that, even now, those who explained the protuburancea 
as phenomena of interference or inflexion, and those who considered them as 
solar clouds, were about equally divided. In the above-mentioned preparatory 
memoirs both hypotheses arc defended; and, in fact, Meeers. Airy (a) and Von 
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Ltttrow (12) have pronounced very decidedly in favor of aolar clonds, and Mr. 
Von FeUilEScb (S2) for phenomena of interference. The detailed theoretical 
references given by the hitter deaerve very special attention, nad include all 
the optical phenomena of total cclipsea — the corona, the raya in the corona, 
and the protuberances. For prodaciog the latter there are asaumed at the 
moon's limb isolated conical elevations of about 500 feet altitude and base, 
which are yet no small that they could not be seen with teloi^copee magnifying 
300 timea; and it ia also ahown that the same theoretical development explains 
the origm of an isolated protuberance, if we aaaume at the moon's limb a very 
high isolated mountain summit. With r^ard to the hypothesis advanced by 
myself, (S,) that the colors of the protuberances are prodaced by inflexion of 
light at the moon's limb, but their form by small masses of vapor floating in 
our atmosphere, thia has been set aside by the circumstance mentioned above, 
that the same protuberances were seen at difierent places. Nevertheless, I 
cannot yet entirely give up the opinion that the vapnra of an atmosphere — that 
ia, the condensations caused by reduction of temperature next to the inmost 
shadow — do exercise a very considerable inflaence upon the phenomena of total 
eclipses, and especially upon the forms of the protuberances. 

If we examine how the opinions relative to these questions stand now afitr 
the observations of the total solar eclipse of 1860, we find the vote comes out 
nearly as follows : 

In favor of solar clouds, more or lees decidedly, are— 'Messrs. Airy, Le 
Verrier, Secchi, Aguilar, Struve, Madler, Gautier, Bremiker, Gilliae, Wionecke, 
Petit, Prazmowski, Lespiault. 

In favor of interference phenomena are— Messrs. Plantamonr, d'Abbadie, 
Marquez, Le^and, Faye, Lament. 

A preponderating number have, therefore, declared themselves in favor of 
the first opinion. Hereby we must not omit to consider that every one who 
desires to combine different observations of a solar eclipse into a single result 
is compelled, at the same tinSe, to interpret critically and to supply deficitnaet. 
In the shortness of time and the incompleteness of the apparatus no observer 
can completely and accurately take in the whole pheoomption, and therefore 
an internretation and completion seems necessary and justified. But thereby 
the deciaing ground becomes so far doubtful, that probably the greater part of 
' the non-participating astronomers will consider the case as not yet ripe fur 
decision. 

The criteria according 1* which we mast decide are very simple, Sup- 
posiug that the moon moves over the enn exactly from west to cast, then the 
protuberances, "whether solar clouds or caused by interference, will tirat appear 
in the east, and gradually diminish in size, will come out later in the west and 
increase in size ; while upon the north and south the magnitude must remain 
nnvaried. If the protuberances are aolar clouds, there ore yet to be added the 
special conditions : 

t. That the diminution of altitude in the east and the increase in the west 
must exactly correspond to the relative motion of the moon. 

3. That Uie protuberances must remain unchanged in form and color. 

3. That with the northern and eonthern protuberances there must be changea 
of the angles of position corresponding with the relative motion of the moon. 

Applying these propositions to the several protnberanccs mentioned above, 
it appears that with d the altitude should have remained unchanged ; but the 
position-angle should in each minute have diminished about l.°g. That, 
furthermore, the protuberance c should have diminished by 14", and a by !i3" 
in each minute, and the protuberance g should have increased 2i", f 36", and 
t 20" in tho same time. 

Direct measures, with reference to the given eriterions, were made by Messrs. 
Airy (88) and d'Abbadie, (57,) and the former found for the position-anglea 
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of d. and c in equal intervals of time the foUoving valaes, whichi IioweT4r> 
represent neither an iucreaeing not a diminishing seriee, namely ; 

A c 

25= 50' SS" 50' 

20 20 56 ^0 

(Two observations lost.) 
20 20 5G 20 

23 20 63 20 

irhile the latter measured three altitades of the protaberance a, of which the 
first ia doubtful, and, as Airy has circa mstantially shown, (58,) if the correction 
required by the observer himself be adopted, would be against the hypothesis 
of solar clouds ; but if the correctiou be not adopted, would be in favor of that 
hypothesis. By indirect methods, comparing with the position of the solar 
crescent, Bmhas (31) (102) obtaiued two position -angles of the protuberance d, 
which he was able to fallow ^m 3 minutes before until 8 minutes after the 
total eclipse, and found that in an interval of 13.7 minutes the angle of position 
had dimioisbed 26. "3, an argument of weight in favor of the assumption of 
flolur clouds. Ou the other hand, Von Feilitzsch (44) (45) determined bjr 
meaaarement the diminution of the protaberance a in oue ^ainutc to be 45'', 
and Plantamour (47] found it more than 30", while it should have amou;itcd 
to only 23". The latter pointed out also that the floating cloud c vanished 
before it could be reached by the advancing moon's limb ; and entirely similar 
results, pronouncing decidedly against the assumption of solar clouds, were 
obtained by Mr. 'riiiele. (106,) who compared the altitudes of the protu- 
berances measured at dcRnite instants with the limes of their disappearance, 
and thence computed the diminution of altitude. 

Besides these measurement, there are in the material before us no other 
numberg which could lead to a decision. The progress of the eclipse, however, 
produced in many observers, among them Slessrs. Plantamour, (47,) d'Arreet, 
(107,) Legrand, (46,) Goldschmidt, (41,) (42,) &c., the definite impression 
that the cliaoges of altitude did not proceed with uniform velocity, and my 
own perceptions agree with this. On the other hand, Mr. Secchi (60) (61) 
brings up the circumstance that the colors of the protuberances were very dif', 
ferent from the interference colors exhibited in optical experiments. 

Since the central shadow passed over the whole distance from the northern 
to the southern coast of Spain in ten minutes, th9protuberauces considered as 
Bolar clouds should have appeared at all the stations the same in form and 
colors. Now, upon comparing together the drawings and descriptions of the 
different observers, it will bo always possible, by interpreting and completing 
deficiencies with considerable freedom, to produce a similarity; but without 
such interpretation and completing, there is certainly to be found no satisfac- 
tory agreement at all. 

Defiuite realing points might be gained by comparing the forms which tho 
same observer saw at different moments during the totality ; and yet, in this 
respect, we find contradictory testimony, for, while Bremiker (30) could per- 
ceive no chauges, Messrs. Plantamonr, (47,) Von Feilitzsch, (45.) Bralms, (31,) 
and Goldschmidt, (41,) (42,) did observe changes of form and color in sev- 
eral protuberances. I noticed the same thing, with all certainty, in the pro- 
tuberance a. 

With regard to the corona, and the rays therein contained, the observers ap- 
pear generally to have attained to the conviction that they do not belong to the 
eun, but are occasioned by interference at the moon's limb, and partly also by 
the vapors in our atmosphere. 

The qucEtioa whether the same rays were seen at the different stations cannot 
be decided with definiteness, for, while in the drawings at Pohes and Taraaona 
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a gre>t resemblance can be perceived, thj other repreaentatioiiB differ so widely 
from each other that doubts must arise respecting the identity of the objects. 

I now pass to the special contents of the individual memoirs, but limit myself 
to mentioniog that which is worthy of especial notice, or in strikingly discrepant. 

The most comprehensive and important among the above-mentioued memoirs 
is that of Mr. Aguilar, (6S,} in which wo liud, not only a review of all the con- 
clusions arrived at by Spanish observers, but also a collection of many results 
from foreign observers. After a historical introduction we find the limits of 
totality determined from the data given by professors, officers, and engineers, 
who, partly voluntarily and partly commissioned by their governments, bad 
statioaed themselves at corresponding points. It residts therefrom that the zone 
of totality agreed in diameter with the prediction, but, in position, must be car- 
ried somewliat N.NE. of the predicted place. Next follows an investigation 
of the duration of totality, which was everywhere found to be shorter than pre- 
dicted. In fact, the correction amounted to— 



17" in Moncayo. 
16 in Castelfoa. 
15 in Desierto. 
12 in Campvey, 



15"inVitoria. 

16 in Bririesca. 

16 in Herramelluri. 

16 in Bui^B. 

That the computed duration should require a correction, while the computed 
breadth required none, is a contradiction, which Hr. Aguilar explains by the 
remark tliat tha correction corresponding to the above numbers would amount 
to only (iOO meters, and wo can only decide about so smull a quantity when a 
complete collection of the observed data is before us. 

If it should finally appear that there was a diminution of the breadth of zone 
corresponding to the diminution of duration of totality, then Mr. Aguilar thinks 
it probable that, in accordance with the idea of Faye, (69.) to be exhibited he- 
low, we must assume a lunar atmostibere. That the phcuomenon may be ae- 
cribed to an entirely different cause nas been already indicated above. 

Further on Mr. Aguilar mentions the different views relative to the corona, 
Buch as the questions whether it is single or double ; whether it extends out fur- 
ther at the sun's equator than at the poles ; whether ita light is polarized or 
not. In respect to the latter question the observations of Messrs. Secchi, 
Barreda, Rodriguez, and, above all, ol Mr. Prazmowski, have decided that it ia 
to be answered affirmatively, assuming thereby that the polarizing retlecliun 
takes place in the atmosphere of the sun, and not at the moon's limb, or in the 
atmosphere 'of the earth. 

The question of the protuberances ia treated most at length. Mr. Agailar 
brings up the facts noted by the Spanish observers at Bilbao, Vitoria, TudeJa, 
Logrouo, Casarejos, Lortora, and Ibiza, which he considers accordant with the 
idea of solar clouds, then expresses his doubts i-claiive to the observations of 
Gijon and Oviedo, which do not harmonize therewith, oud states, in special de- 
tail, the things noticed by himself and eomo foreign astronomers. In this con- 
nexion steel -engraved copies of four photograms, obtained at Desierto de las 
Palmas by Mr. Monserrat, by help of an apparatus belonging to Mr. Secchi, are 
added by way of elucidation. 

Finally, the last chapters relate to the intensity of the solar light, the effect 
upon plants, meteorological determinations, and effect upon animals. An ap- 
pendix gives a summaiy view of all the stations and observers ou the line of 
totality from the Bay of Biscay to the Mediterranean. 

The memoir of Mr, Marquez (66) ia very thorough, and of great inteteat. It 
contains, first, the principal moments of eclipse, the description of ita progress, 
the position and magnitude of the protuberances, represented by a sketch* drawn 
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by eye, and differing cooBiderably from the data of other obBervera, after which 
follow very complete meteoTolo^c, magaetic, aod photometric observatiooB. It 
is worthy of notice that an inner ring was not seen in the corona ; on the othet 
hand the whole circumference of the moon appeared surrounded by a red bor- 
der. It ie stated, moreover, that the protuberance _/" was seen proceeding oat 
from the moon's llnb before the eolar crescent ; and. finally, we must al»o 
mention the noted peculiarity that immediately heftire the vanishing and after 
the re-appearing of the sun, black, mountain- like elevatiims of the moon's limb 
(somewhat similar to the phenomenon described by Baily) projected themselvee 
upon the Tarioua aolar crescent. The greater part of the memoir is takpn np 
with the collation of previonsty obserred phenomena of total eclipses, and tEn 
criticism of the theories forracd for their explanation, wherein the author ex- 
presseB, as the final result, hia very decided opinion that we can only assuBte 
mflexion, or interference of tight, at the moon's limb. 

Tbb first memoir of Mr. Airy (49) ia to be considered as only a preliminan' 
account, as all the observations made by those who participated in the British 
expedition are to be coUected together in a large volume and published at the 
expense of the British government. In the second memoir ( 88 ) the corrections 
of the solar tables of Le Verrier, and Innar tables of Hansen, are deduced from 
the observations made during the eclipse with the great equatorial of the Green- 
wich Observatory, and the reaolta are aa follows : 

Corraction. 

Diff. AE « — AH © = — l."l 

Diff. Decl. i — Decl. O = —4. 

Sun's diameter = +0. 3 

Moon's diameter = — 2. 4 

The memoir of Mr. Bremiker (30) contains, in addition to tne determination 
of time and the principal instants of eclipse, also the position -angle 8 of the pro- 
tuberances, and BOme data respecting their form, lie did not observe any 
changes of form, and, according to the whole course of the phenomenon, he ex- 
plains the protuberances as solar clouds. It is worthy of notice that the floating 
cloud c was not perceived either by him or myself, (the distance between us 
was only a few steps,) while Mr. Plantamour, whose station was some hundred 
feet further west, saw it distinctly. We meet a similar paradox also at Desierto 
Ae la Falmas (65) and Oropesa, (66.) Mr. Bremiker appends to his memoir a 
brief iavcstigation respecting the brilliancy of Venus, which, at the time of to- 
tality, heestimated to nave one and one-half time the hrightnese of Jupiter, while, 
according to Lambert's formula, it should have given much less light. He 
shows that the observation may be satisfied by aesiimiug that the atmospJiere 
of Venus also reflects light, so that the formula of brilliancy must consist of two 
terms, whose coefficients he determines. 

Mr. Flantamour (47) brings up, in hia brief but very precisely written exhi- 
bition of the course of the eclipse, various facts which contradict the assumption 
of solar clouds, and gives three drawings, representing the beginning, middle, 
and end of totality, in which are found the protuberances a, b, c,f, ana a moun- 
tmn-chain which covers the whole distance between e and^ 

In the second paper (48) he endeavors to defend his drawings, and the state- 
ment that the protuberance t vanished without coming Into contact with th« 
moon's timb, agninst the objections of Mr. Secchi, (62.) 

Mr. Gautier, (67,) without having perceived anything peculiar or different 
from other observers, pronounces with great decidedness against the hypothesis 
advocated by Mr. Flantamour, and appears to assume that the sun is eurrouuded 
by a cohering red clond-siratum with steep elevations and depressions. In the 
drawings given by him we notice the protuberances a, A, c, e, f, and a long 
mountain-chain between « and /t ,-. , 
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Ur. Goulier (74) brings oat in a sliort notice tbe circamstance that, in the 
photographs obtained by Mr. Luney in Uetz, the solar crescent appears enr- 
rouniicd on alt sides by a. bright light, of which the direct observations hare 
shown no trace. 

The results of Mr. Chaoomac, (24,) as well as the apparatus used by him. are 
materiallj different from the rest. The telescope employed, made by Foucault, 
badaeilvcTed mirror of 0-4 metre {15 Paris inches) [aperture.] and was mounted 
eqiiHtorially. The invcstigution related exclusively to the protuberance d, whose 
position he gives as 50° (30°!) eastward from the north point. While other 
observers compared tbe protuberance to mountain-tops, mountain- chains, or to 
clouds, Mr. Cnacornac dcclures this comparison wholly inaccurate, and finds in 
the appearance great similarity to nnmerous gas-flames, or, better yet, to 
a burning pile of straw, or of loose combustible material, on which a current of 
air is acting in such a manner as to bend the many flameb into different direc- 
tions. Tbe protuberaoce consisted of two separate parts : a laiger ptirt. wlicro 
it seemed as though the burning bad just commenced; and a smaller, wbere 
apparently the fire had already penetrated through the material, and the burning 
was quietly going on. From tbe circumstance that some parts appeared very 
distinct, while oibers seemed to be in a manner wrapped in cloud, we should 
infer, says Mr. Chacomiic, that some were nearer, and others at a greater dis- 
tance, an idea whicE Mr. Secchi has also brought forward. Although Mr. 
Ghacomac directed his e»]jecial attention to only one point, he -nevenhelei^B 
swept repeatedly with his telescope over the whole circumference of the mnou, 
and BO had opportunity to convince himself that all the protuberances presented 
a similar aspect. It is known that Mr. Arago considered the Inminons envelope 
of tbe sun as burning gas, and Mr. Chacornac seems to have had this idea in 
his mind while describing the protuberances. 

The different memoirs of Mr. Secchi (60) (fit) (62) are of especial interest, 
partly on account of tbe observations whitji he hinuelf made, and partly by 
reason of the connexion into which he has' brought bis own obaervations with 
those of others. He considers the protuberances as portions of the luminous 
envelope of clouds by which the sun is surrounded, and holds accordingly that 
the solar atmosphere is less extended in the polar regions than toward the 
equator, and that also the agitation of the atmosphere is less at the poles. His 
remark (not fully carried out in all respects) that the photographs obtained by 
himself and Mr. do la Rue are identical b especially noteworthy, as also hia 
explanation of the circumstance that protuberances Appear in the photographs 
which could not ho perceived by direct observation with the telescope. The 
changes of solar heat during the progress of the eclipse were determined by 
Mr. Secchi by means of a thermo- multiplier of Melloni ; also magnetic and me- 
teorologic observations were noted down. 

Mr. Frazmowski (51) gave himself to the problem of investigating the polar- 
ization of the corona and of the protuberances, for which purpose he had 
constructed two different instruments. Tbe first, consisting of a telescope mi- 
nifying 22 times, with a quartz plate in the focus, and a Sicol's prism between 
the first and second eye-lens, showed a itrong polarieation of the light of the 
corona in which the polarizing plane was perpendicular to the moon's limb — a 
result which entirety agrees with previous deiermi nations, and with tbe above, 
mentioned observation of Mr. Secchi. The second instrument, a telescope of 
the same kind as the preceding, but with double the power, had a scale of qnartz 
between the first and second lenses, and before the eye-piece a double-refracting 
pri.^m, with a nnaU refracting angle, so that the two images of a protuberance 
appeared near together, (the distance was only Ijminnte,) while the two images 
of the corona projected themselves upon each other, and formed a white ground. 
Ju this way it became possible to decide the hitherto unsettled que stion respect- 
ing the polarization of the protuberances by aacerUuning that their light is not 
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polarized. " Ih it allowable," asks now Mr. Prazmowski, " to conclnde from 
tbis thut the protuberances are eotor clouds which consist, not of guseoas, but of 
vapory or fixed particles ?" 

Among the fticts noted by Mr. Lespiault (54) we may point out this, that rayn 
belonging to the corona proceeded out from very many points of the moon's 
limb, bat irregularly in direction and distribution, and some were also curved 
near the outer limit of the corona. The irregularity showed itself very man* 
ifeatly at abont 233° from the north point, where the rays seemed to croBs in 
all directions. The largest ray in the corona was from 80° to 110° distant from 
the north point. He measured the altitudes and bases of three of the protuber- 
ances, a, ( 1) e, (?) d, but without giving the time. 

The communicatica of Mr. Bianchi (43) respecting the identity of the profn- 
berances of 1842 and 1860 would be of greater weight if more particular refer- 
ences were added. This important defect, and then the objections that must 
arise in consequence of the different relative position of sun and moon, and the 
circumstance tnat Mr. Bianchi does not seem to have occupied himself specially 
in astronomical works, gives but little hope that his propositions would be 
established. The approximate agreement which we perceive in the drawings 
of different eclipses relative to the position of single protuberances loses much 
in weight when we consider the great number of the protuberances. 

Mr. Faye (50) did not observe the eclipse himself, bat only collected observa- 
tions and compared them with earlier statements, and has endeavored to show, in 
opposition to the opinion of bis coUe^ue. Mr. Le Verrier, (23,) that the hypoth- 
esis of solar clouds is untenable, partly by reason of the difference of form 
Been at different localities, partly by reason of the rapid changes of form and 
color which are manifested during the totalityt and partly on account of the 
impossibilitv of referring the phenomena of different eclipses back to a common 
fundamental point. Thus we have observed white protuberances, rose-colored 
protuberances, intense red protuberances, red and orange protuberances, pcacb- 
ted protuberancesi violet protuberances, black protuberances, white protuber- 
ances, with btack edges, without any reason having been assigned for these 
colors, and the transition from one to^ another. Mr. Faye then speaks of the 
phenomena of the corona and the halo of rays connected with it, which, according 
to bis remarks, cannot be considered as belonging to the sun; and, furthermore, 
he does not acknowledge as correct the conclusions drawn from the polarization 
phenomena. 

Mr. Petit, (55,) (56.) who made numerous measurements of the heights of the 
protaberances, (not given, however, in his memoir,) considers the hypothesis of 
solar clouds as completely established 'by the whole series of recent observations, 
and remarks, at the same time, that not the least ground is given for the assump- 
tion of identity of the protuberances of 1843 and 1860. In the corona, which 
he saw 12" before and a" 46' after the totality, he distingniobes three concentrfc 
rings — an innermost brilliant ring of 7' 30" breadth ; a second ring, 9' 30" In 
brE^th i and an outer ring, 28' brood, consisting of less regular light. Barometer 
and thermometer observations are also added. 

The expedition sent to Algeria, under direction of Mr. Lanssedat, (63.) con- 
structed a temporary place of observation before the gate of Lambersa, and 
obtained, during the eclipse, various results which were transmitted to the Paris 
Academy at the same time with the verf general report lying before us. Th« 
results communicated called up an academic discussion, in which Mr. Faye (69) 
remarked, that since, according to Hansen's statement, there is an atmosphere 
on the side of the moon opposite to the earth, and, accordii^ to Herschd, tb« 
tempcratnre of the moon's surface in coneeqaence of the long-continued sunshine 
reaches at least to the boiling point of water, the lunar atmosphere at the time , 
of new moon must, by reason of the expansion, spread out, and become mtibta 
at the tidet of the moon. He shows how in this way many pkeiioniena of ths 
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total edipeo of 1860, iiamel7, the BhorteDJng of daratioa of totality, the vieibility 
of the mooa'a limb before and after totaliry, Stc, may be explained. 

Mr. d'Abbadie (57) observed position-angles and altitadee of the protnber- 
ances a and e. and, in fact, tbe latter was observed before the appearance of the 
Eua with tbe position -angle of S60°, and after the appearance of the san, as a 
new protuberance, with tbo angle of SG3°. The conclusions to which hie ob- 
eervatiocH lead have been already raentioned above. Hia polarization obaerva- 
tioufi agree, indeed, with those of Mi. Prazmoweki, but cannot be considered as 
decisive. 

The account of Mr. Gilliss (73) is very remarkable, and we can only wish 
that the things noted could have been exhibited in more detail and explained 
by drawings. The station was in a prairie (Muck Prairie) near Steilacoora, in 
a bleak and little cultivated part of Washington Territory, and the dampnesa 
was so great that the object-glass of tbe telescope required to be wiped off from 
time to time, as a deposition was constantly forming. If we assume that in the 
photographed drawings, accompanying the memoir, north and south only are 
inverted, and not east and west, so that south is above, north below, west on the 
right, and east on the left, then Mr. Gilliaa observed protuberance g with the 
position -angle of 2.')5'* to 258', and this came out ^rtt, and with striking bright- 
ness as a cloud-pyramid of 2* base and I' altitude. As the moon advanced the 
base increased, while the altitude remained the same; notwithstanding, tbe ap- 
pearance made an impression upon Mr. Gilliss as though the protuberance came 
gradually more into view behind the advancing moon. A sDmllei* protuberance 
(doubtless /) appeared siraultaneously under tbe angle of 268° to 273°. and 
towards the end of totality the protuberance 6 (?) was also perceived. These 
are the only objects which Mr. Gilliss rpecially mentions. He remarks, how- 
ever, that the number of the protuberances was considerable! and that they 
commenced to appear about 30' after the beginning of totality, after a small 
white lino had l^en seen immediately around the moon's limb, and outside of 
this line a crown of red points or pearls which seemed to run around the moon. 
But the most etriking thing in the appearance were rainbow-like and rainbow- 
colored small bands of equal radius with tbe moon, which, in great number, 
following each other upon tbe dark lunar disk, moved inward toward the centre 
irom east and west. Mr. Gilliss leaves it undecided whether a real appearance 
was seen here, or only an optical phenomenon arising from physiologica! causes, 
yet he adds a short description by Mr. Goldsborough. at Steilacoom, from which 
bo thinks it may be concluded that the latter saw the same phenomenon. At 
the beginning of the totality the moon showed iUcM tpherieal, a& though seen in 
a stereoscope. 

Mr. fiurat (25) designates the outer limit of the corona as elliptical In such a 
way that the breadth at tbe solar equator was greater, and less at the poles. 
Among the protuberances he noticed b, c, d, e, bat no accurate comparison can 
be instituted, as be has not given tbe times. 

Uahmoud Bey (70) observed the eclipse in Dongola, on the Nile, and saw at 
firat 6, but near the end of totality T protuberances, among whicb were 5, 
(observed position-angle 109° to 121°,)/, (observed angle S78^} and c, which 
last appeared as consisting of two isolated clouds. 

In the memoir of Mr. Madler (34) it is especially worth while to notice the 
indication of a circumstance, not previously brought into consideration, by which 
a decisive confirmatioa or contradiction of the optical bypotbesis is rendered 
possible. For since, under tbe conditions which obtain in eolar eclipses, tbe 
moon's poles can have no libration, but the effect of libradon at the east and 
west limbs ia included within quite narrow limits, therefore the same protuber- 
ances must always appear at the poles in case they are caused by elevations )tt 
the moon's limbj and, as regards the east and west limb, there will be, at least 
in the course of a lone period of time, total eclipses with ihe mow libiatioD, when 
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also the ftame piotnberBnces should then appear at the Bides of the moon. Froi% 
the further proposition of Mr. Miidter, to use the ten-year period of boUt spots 
in a similar manner, and compare the total eclipses which occar at equal pbaaes 
of this period in order to decide whether the solar spots hare a connexion with 
the protuberances, hut little Buccess may be anticipated generally. Very in- 
structtre lithographic plates are appended to the memoir, where we find all the 
hitherto observed protuberances repreaented. Mr. Miidler himself, in VittHia, 
noted the protuberances a, i, d, e, and two smaller promiuencea besides; tha 
observation of these, and comparison with the statements of other obaervera, 
leads him to the conclusion that solar clouds, and not dif&action or ioflexion, are 
the cause of the phenomenon. 

Mr. Thiele (1061 gives a sketch of the protnherances, together with ao esti- 
mate of the altitudes and position-angles ; whence we can deduce that he saw 
the protuberance a, (pds. 146° ; initial altitnde, 3' ; vanished one minute forty^ 
six seconds after beginning of totality,) the mountain chain b, (pos. 90° to ]30°,} 
the fioatiog cloud c. (pos. 46°.) the protuberance d, (pos. 28°,) and the prtt- 
tuberaace e, (pos. 34d°.) From his own ohservatiouH and those of othera be 
deduces the velocity with which the moon apparently advanced over the pro- 
tuberances, and finds the oamerical result two or three times as great aa it 
should have been upon the supposition Uiat the protuberances belonged to the 
sno. 

Mr. Von Wallenberg (79) observed very near the limit of the zone of totalit/ 
in Valencia, and appears to have seen the protuberances f and g at the loweiv 
and then a and b at the eastern limb of the moon. He describes the rays of 
the corona as nneven, and with cloud-like termination, and notes three in pa^ 
ticular, one of which (slightly curved to the south) seemed to proceed m>m 
between the two eastern protuberoncea, and the other two (hook-shaped, with 
their concave aides towards each other) to proceed from the vicinity of the two 
lower protuberances. It may also be added aa worthy of remark, that, at be- 

S'aning of totality, the narrow solar crescent did pot run together at the mid- 
e, but towards a small notch in the moon's limb somewhat on one side froca 
the middle; and here apoiutof light remained behind, and vaniehed 15 aeconda 
after the cresceot. 

Mr. Groldachmidt (41) (43) observed the protuberances a, b, c, d, (whoae 
position-angles were probably given not from bia own obaervation, but from the 
photographic determinations of Mr. Secchi,) and another protuberance at 195", 
and two small ones at 36° and 60°. From his circumstantial description we 
perceive that before the vanishing of the aun he saw a gmy-cloud stratum, 
situated at the sun's limb, just where the protuberance i appeared afterwords ; 
that the protuberance e in the course of the totality changed considerably in 
form and color, and that d remained visible yet 4 minalea 40 aeconda after th« 
reappearance of the sun. He ascribes to the corona a yellow color ; he com- 
parea the protuberances, whose altitudes he g^ves about twice as great as other 
observers, to glowing wood coala. He brings up as a thing especially noted 
that, during the totality, " the dark moon had had an inner broad and defined 
limb." 

Mr. W. de la Bue (76) deacribes, first, the pireparations which he had made 
for photographmg, and tnen informs of the result, which consisted in obtaining 
two photographs during the totality, and thirty-one during the rest of tba 
course of the eclipse. He, himself, ooserved the phenomenon with a tcIescoj>e, 
in whose focus was applied a glass with lines for helping to estimate magnitude 
and position of protuberances ; and he saw some minutes before totality, when 
he had diminished the light by refleetion from a glass surface, the whole cir< 
camference of thj moon and a bright protuberance eastward from the zenith. ^ 
Afterwards, immediately before the sun vanished, he could, without duniuisb- 
lug the light, discern iJie floatiag cloud e, and a whole series of protuberancen 
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Ibrther t« the east He addacee, na worthy of remark, that in the poBition- 
angle 72° a large protuberance appeared in the photographing, of which ho 
had Been no trace in the direct obsen'ation, although the region waa com- 
pletely swept over by him. 

With regard to iny own observations, (77,) (78.) of which the results will 
not be pabUsbed until s later day, I remark, that I saw only the protuberances 
a, b, d, aud J", at the place of the floating cloud. I noticed rays belonging to 
the corona which were not perpendicular to the moon's limb, but were inclined 
southward. 

The description given by Mr. Mannheim (28) of the movablS fringes forms 
a part of the general report made by the commission sent to Algeria by the 
Polytechnic School in Paris. We aee therein that the fringes were rectilinear 
and entirely colorless, and at first following each other at distances of one 
decimeter, and afterwards at emallcr distances and with greater rapidity. In 
this connexion a quotation is introduced from the report of Arago upon the 
solar eclipse of 1842, wherein the explanation is pronounced difficult and 
nncertain. 

Mr. Jacob (85) belonged to the British expedition which went to Sptun 
under the direction of Mr, Airy for the purpose of observing the eclipse, aud 
chose its station in the Pass of Peilacenada, between Vitoria and LogroEio. 
From the preliminary notice which he communicates respecting the pro- 
tuberances, we deduce that he saw the protuberance a, the mountain-chain b, 
the floating cloud c, and the protuberance e at precisely the same points of the 
moon's limb at which they appeared in southern Spain. With reference to 
the protuberance «, it is remarked that it first appeared shortly before the end 
of totality. 

I believe that in the preceding pages I have brought into notice the most 
important points from the extremely comprehensive matdrial before us. If I 
have not more closely considered variona classes of observations relating to 
special qaestions, such as magnetic, meteorologic, photometric observations, or 
observations of colors and lines of the prismatic spectram, the reason is, that 
as yet no noteworthy results have been deduced uom those observations, and 
partly, also, because the questions in view, as of the absence of an inflnenco 
'oPthe eclipse upon the barometer and the magnetic needle, might be considered 
as decided by previous investigations. 

In relation to the expeditions undertaken into Spain, I only add yet the 
remark, that they experienced on the part of the inhabitants the most friendly 
reception, and on the part of the authorities all possible support and furtherance 
in carrying out their scientific labors ; and all those who participated in the 
expedition, without exception, have in the warmest terms expressed their 
acknowledgments. 

17 8 
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Pabib, June 23, I86& 
8tB : I hM,ve the honor to address to you the copy of a very intereeting letter 
which I have received from a dietinguiBhed Mvant, H. le Baron de Prados, of 
Bio de Janeiro, on the total eclipse of the ann of the 25th of April Uet. 

It appears to me important that this letter should he published, for we need 
the preserration of accounts of all the principal eclipses in order to complete the 
theory a? the physical constitution of the sun. I request, therefore, that yoa 
will canse it to be published, if possible, in soma of the works isened by the 
Smithsonian Institution. 

Be pleased, sir, to accept the assurance of the respectful consideration of your 
humble servant, 

EMU. LIAI8, 
Attrtntomer of tke Obteroatorg of Pari*, 

Mutton Seientijiqtte, 66 Rne de Belte-Ciatle. 
Professor HB\By, 

Secretary iiftAe Smit&toman LuliiMtum. 



Oa the ecllpte of the nut, April 35, 1$S5. 
[Extract of a letter from H. la Baron do Piados to M. Litis, dated April 36.] 

In pursuance of yoar indications I repaired to Bio de Janeiro some days be- 
fore the opening of the Chambers,*' that I might be able to observe the eclipse 
of the 25th instant. Unfortunately, the sky remained overclonded ap to the 
time of the first contact. When the snn could be observed, the shadow of the 
moon had already invaded its disk, so that the first contact was lost. The laat 
exterior contact, the only one which I could observe with any exactness, took 
place, according to the observers who were present at the imperial observatory, 
myself being among them, at llA. 64m. 5s. Being at the great meridian re- 
fractor, which bad been removed in order to be directed upon the sun, I was ena- 
bled to follow those physical details which there was an opportunity of observing. 
The eclipse was not absolutely total at the observatory. A thread of light 
which, at the height of the phenomenon, took the form of a chaplet, perhaps 
prevented the observation of all the particalars of the corona. This last showed 
itself, however, for some momente in all its splendor. The following are the 
special drcurostances which I was able to remark during the short duration of 
the pbendmenon ; 

At the moment when the InmiDous thread assumed the chaplet form, the 

* M. BaroD de Prados is president of the Corpt Ltgiilmif of BruU. He resides at Barba- 
cena, whore he has caOBod to be cuostnicted at his own expeiue, and maiotaias. a lHig« hus- 
piial foi tbo poor. He studied mediciue at Paris when juuoff, and coudncts the above et> 
tablishment hinuelf. The CliamborB opened oigbt daj s afwr the eciipM), whiob ajqilaUu tha 
first phra»es of iho letter, f ~im>oI ■ 
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western border of the moon presenlAd a raagoificent nog of some Beconds in 
breadth and of a violet-blae color. Its regularity was perfect. It was rather a 
InminoaB vutburet of admirable effect. Nothing like it was manifeated on the 
' eide of the eastern border. The ring of the corona was, nerertheleBs, well 
closed, and of a perfect pearl color, except on the eastern side, whore the feeble 
line of Bolar light gave it the ordinaiy tint of the atmosphere near the edge of the 
ann. Five pencils of parallel rare of a perfect whiteneaa proceeded, almost per- 
pendicularly, and withoat blending, from the edge of the ring of the corona. 
None of these pencils eeemed to me coatignoas to the lunar edge. If we except 
the violet-blue cornaoation which showed itself on the western border of the moon 
at the height of the eclipse, nothing was obserred which resembled those flames 
or protuberances which are almost constantly remarked in total eclipses, unleSB 
we suppose to be sach the same magnificent Inniinons trait of violet blue of 
which I have spoken. 

Perhaps the abort damtion of theeclipse, and the illumination, however feeble, 
of the eastern edge of the sun, prevented their being distinguished at our station. 
We shall learn what will be said on thb subject by the expeditions of St. Oath- 
erina and Cabo-Frio.* Notwithstanding the instantaneousness of the phenoAe- 
BOD, I endeavored to verify the existence of the polarization of the light of the 
corona. For this purpose I availed myself of the polariscope with colored 
bands of Savart, and that of M. Babinet. It was with the former instrument 
that I best recognized the polarization. The bands were well colored on direct- 
ing the instrument on the corona. The coloration was sufficiently sensible to 
forbid my admitting the intervention of the atmospheric polarization, for it was 
imperceptible when the instrument was directed on the lunar centre. It need 
Dot be said that the atmosphere was strongly polarized in all its regions, during 
the continuance of the phenomenon, in the manner in which it ordinarily is. 
One circumstance, manifested with much distiuctness, was the visibility of the 
border of the moon beyond the aolar disk during even the first phase of the 
eclipse. Arago, however, had ^marked it in 1S4S, and yon have also called 
attention to it in your observation of 1858 with regard to photographic tests 
by causing the solar image to fall upon unpolished glass. During the whole 
eclipse I carefully explored in the photosphere the solar surface which showed 
the greatest calm. By a singular defect the faculs were scarcely perceptible 
in my instrument. Should the observations at St. Gatherina and GaboFrio 
verify the absence of protuberances, the opinion will receive strong confirma- 
tion which Biipposes them to be formed by the ascendio^ currents of solar 
vapors, which then involve by their impnlaion the clouded extraphoto spheric 
stratum, and whose violent elevation produces the protuberances. The photo- 
epbere was tfonqail, and only a luminous line of a violet-blue color, a regular 
level stratum, presented itself to view. I soa|;ht with core for the existence of 
moving shadows. Nothing, however, was verified, although a large number of 
echolars of the Gentral school, who were then at the observatory, had their eyes 
fixed on the white walls of the cupola, favorably disposed for observation. Tho 
Bky was so cloudy that we could perceive at our station only the planet Venus. 
The inhabitants, however, of places moire to the south are Baid, to have dis- 
cerned several Bt4H of the first magnitude.t The leaden color tending to 
violet predominated in the air and on the sea, which resembled molten lead, 
Doinestic animals manifested the usual phenomena, the fowls seeking their 
roosts, while certain species of brutes seemed to manifest rather surprise than 
fear. Of the horses and mules in the streets of Bio de Janeiro, nothing re- 

, * Letters of a latoT data (ban that of Baroa de Prodos have infonned ni that these two ex- 
peditions Qoconnterecl Bach bad weather as to preclude obMrvatiene. 

t To thf south of Eio de Janeiro the eclipse, according to other infonwUioni woi abio- 
faitely totsL 
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muknble was noticed. The meteorological obeervatioaB offered the tame 
Buomaliea which have been remarked ia 18SS; that ia.theminunntDof tempera- 
tm« did not correspond with the nuuimnm of the eclipse. The tcKiperntm« 
began to ascend immediately after the commeDcement of the phenomenon, and 
then sank until the latter was at its height, when it stopped at 24.3° centigrade. 
Before the eclipse the same thennometermarked 24-7°. rhesamethingoccnrred 
vitfa the .barometer, which commenced ascending at the beginning of the eclipse, 
and did not decline tUl 9&. im., reaching its minimum at tha point of greatest 
obscaration. Having remarked nothing striking as to other meteorological phe- 
nomena, Iliuut mys^ to these simple iadicatioaB. 
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GbntLBUBN 1 It wonld afford me freat Batiafaction to be able to communi- 
cate, in the rapid sketch wbicb I am about to present of the proceedings of onr 
Society, some small portion of the pleasure whicb I have myself derived from 
a review of them. lu the fall aud accurate reports of our secretary, the instruc- 
tive lecture and animated diacuasion have seemed again to pass before me, aud 
these I must now attempt to retrace, hut, of course, without the hope of repro- 
ducing that which formed bo large a part of the charm of our meetings — the 
uuiform kindness which pervaded them, the unaffected urbanity with which 
each, whatever might be the line of his own studies, leut an attentive ialcrest 
to the researches of his colleagues. The classificatiou which 1 shall follow, in 
giving an account of your proceedings since M. Pictet read to you the last an- 
nual report, will he that adopted by him, aa well as my other predeceasora. 

PHYSICAL SCIENCES. 

You recall, doubtless, the interesting paper preaeuted last year by M. Eitter, 
on the figure of the earth. He has lately resumed this subject. In his second 
memoir he has applied to the calculation of the dimensions and exact form of 
the globe the analysis which he had previously developed, while availing him- 
self of all the observations which furnish the actual elements of the problem. 
His calculations extend over eleven arcs, divided iuto sixty sections, and com- 
prising seventy-five stations, with a total amplitude of eighty-six degrees, which 
are oot all contiguous. It results that the ideal metre, or the ten millionth 
part of the quarter of the meridian, exceeds, by two hundred and twenty-eight 
thousandths of a millimetre, or one hundred and one thousandths of a line, the 
legal metre, or metro of the archives. The flattening of the earth is jj^, with 
an uncertainty of 2.6 ia the denominator. The equation of the meridian differs 
unquestionably from that of the ellipsis, the meridian being swelled out towards 
the forty-fifth degree by a stratum whose thickness is twenty-seven toisea, with 
a probable error, more or less, of twenty-four toises. This uncertainty pertains 
chiefly to the latitude of three of the stations— Montjony and Evaux, in the 
French arc, and Kamiez, in the arc of the cape. 

To U. Ritter we also owe an account of the new experiments which the office 
of the ordonnance survey, charged with the geodesic operations of Great Bri- 
iaiu, has caused to be made in Scotland, with a view to determining the deusitT' 
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of tho earth. M. Ritter informs ub that the manner in i^bich these experiments 
have bcuQ conducted, and tbc poBBibilitj that unknown and unconsidered sab- 
Btauccs may exist in the monntuin, on tlie two sides of which the experiments 
were made, do not authorize us to accord to the results obtained the eame cod- 
fidence which should bo inspired by cspcrimentB of the nature of those of 
Cavendish. Again, the operations in England, conducted by the commisskm 
for restoring the standard of mciisures ^ length, (the yard,) have found in M. 
Ritter a reporter qualified to convey to his colleagues a clear idea of the diffi- 
culties encountered, and of the Bcrupidous precautions taken to obtain a solu- 
tion of the problem. 

Tho Btndy of the periphery of our globe, and the phenomena it presents, have 
been the subject of several communications. M. Cliaii, in giving a summaiy 
account of the voyage of McCliiitoek to the polar regions, showed that the 
boreal lands have in general a higher relief than was heretofore supposed. The 
mean relief of the isiands discovered since the voyages of Captain Ross reachos 
2,000 feet. Difi'erent indications lead to the belief in i-ecent upheavals. To 
tho same ■colleague we are indebted for a sketch of a memoir by Oolonel Gra- 
ham, on the semi-dinraal tides of Lake Michigan, from which it resultB that tho 
high spring tide at the syzygics risea to 3.48 inches, and M. Graham thinks 
would reach 4 inches, were oil causes of disturbance removed. 

Professor Wartmann and M. de Saussure on two occasions occupied the 
attention of tho Soctctv with a work by M. Th^omoss^, on the hydrology of the 
southern part of the United States. This latter savant, accepting the state- 
ment of American enginecra that the qnaiitity of water conveyed by the Mis- 
ei^sippi equals but tho tenth part of the whole quantity which falls in tho haein 
of that river, contends that to explain this phenomenon it is necessary to sup- 
pose a drdnage by subterranean passages, and attributes to that cause the foun- 
tains of frceh water observed in too sea at the mouth of the river. M. de Saas~ 
sure cunnot admit that these fountains proceed from cavities or clefts in the 
middle or anperior portion of tho river, which flows over the old sandstone, 
qnite unconnected with the recent formations of New Orieans. M- Ghiux dis- 
putes even the basis of M. ThomaaBc''a hypothesis. Not only is it very diffi- 
cult accurately to gauge the river at different seasons, bat we are by no means, 
in possession of the necessary elements for estimating, oven approximately, the 
quantity of water which falb in the basin of the Mississippi. U. Cbaix reminds 
us that M. Eliot gauged that river both below and above each of its great nffla- 
c-.it?, and that the result showed that the quantity of water conveyed, thongh 
augmenting considerably at each point of confluence, regularly presented a. sen- 
sible diminution fif^y leagues lower down. This diminution, according to the 
engineer just mentioned, is easily accounted for when we observe that below 
the Arkansaa the right hank is low, swampy, and furrowed by bayous or aims 
of the river. 

Thp natural glaciers of our mountains have been the object of very particular 
investigations by MM. Soret And Thury — by tho former in reference to a glacier 
above Thun, and by the hitter in the case of tho Pro do St. Livres, in tho vau- 
deso Jura, and in that of Vergy, in the Alps of Savoy. It was in winter that 
If. Thnry made the visife of which ho ^ve us an account, and he draws from 
his obscn'ationa the conclusion that the time of tho formation of the ice in these 
cavities mast hare been the season of iho year when both water and frost pre- 
vail — that is to say, in autumn, and G^peciaJly in spring. 

Professor de la Rive presented to the Society copiva of three Portuguese 
maps of A&ica, of an earlier date than laas, which were sent to him by M. 
Lai'radio, for the purpose of Bhowing that many geographical facts discovered 
within late years were not unknown at the above epoch. M. Chaix, in effect, 
called nlteutiou to the singular fiict that these maps indicated a chain of lakes 
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and rivera in the interior of eouthcm Africa. This circnmstance, however, loaea 
its imporlance when we obeerre tliati aJlhongh referred to the same latitudes 
with those discoTered bj Liviugslone aud Burton, the namee borne by those 
otdlections of water betray the error by which, while really belonging to c*^ui- 
noctial Africa, thoy have been transported too for to the south. 

Before quitting oar own planet to recall the comtnuntcationa relative to ' 
.letroaomy, I shoold occupy a moment with an account of some researches re- 
specting the atmosphere. To Dr. LomliU'd wa are indebted for a memoir ti'eat- 
ing of the iullucnco of altitude on rain. M. Gasparin, it will be remembered, 
claims to buve established the law that the qoaatity of rain increases with the 
htnght. il. Lombard ha« collected, as bearing on this point, numerous obser- 
T-^ttions published in the United States, and, having compiled and compared 
many tables, arrives at results which, whether as regards the valley of the 
Mississippi or the whole country, entirely contradict the supposed law. KI. do 
la Rive, reminding ue of a theory formerly adVanced by himself regarding the 
formation of non-coQceutric hailstones, and ascribing it to the sudden congela- 
tion of collections of globules of water suspended in tlic atmosphere and cooled 
below zero, took occasion to announce to us that Professor Dufour, of Lau- 
sanne, has recently, by very ingenious experiments, furnished additional proba- 
bility to the theory, and shown tho effect which violent concajsioa would have 
in producing the phenomenon. 

The principal aiscusaiona in regard to astronomy arose from the ohserva- 
tiouB of the total eclipse of the suu, July 18, 18G0, made by Professor Plan- 
tamour, at Gastcllon ac la Plana, in Spain, and by Colouel Gautier, near Tar- 
lazona. It waa certainly a fortunate circumstance for tho Society chat two of 
itH own members were among the occomplishod observers of these striking 
phenomena, and the details furnished by our colleagues were received with 
nurlEed attention. Aa their memoirs have been published, I shall not hero 
attempt a detailed annlysLj ; I shall only observe that the eaeential point on 
which the discoeaiona turned waa in relatioa to the red protuberances which, 
immediately after the disappearance of the sun, showed themaelvca on tho edge 
of the obscure disk of the moon. Those obaerved by M. (jantier seem not to 
have been identical with those which M. Plantamanr has so welt described. 
The former particularly noticed one of theso protuberances which) after having 
made its appearance at the commencement of the eclipite under the form of u 
small spot, continued to increase with a regular gradation and aasnraed the 
form of a tai-ge triangle, a little to tho right of the zenith. But the chief sub- 
ject of variance between the two observers regards the cause of theso protu- 
berances. If both agree in extolling the splendor of the spectacle, it is held, 
on the OHO hand, by M. Plnntamour, to be a simple optical effect produced by 
the iaterposition of the screen which changes the dircctioa of the aun's raya; 
while, on the other, M. Gautier thinks that the phenomenon ia essentially aolar. 
It wonjd occupy us too long to state the arguments by which our learned ob- 
servers sustain the conclusions at which they arrived. I shall merely add, on 
the authority of M. Gautier, that the author of the annual report of the Astro- 
nomical Socbty of London seems to have adopted the opinion thqt the protu- 
beraocee pertain to the sun. 

M. Gautier has from time to time supplied us with information respecting 
the reaearchea of U. R. Wolff on the spots on the sun. These researches 
confirm the existence of a period of about eleven years in the return of the 
spots, but their size ia modified in an interval of -five or six of those periods. 
The elder M. Wartmann stated, with regard to these spots, that when observed 
directly through the telescope they seem black, but when the image is received 
on a screen their appearance is red. He thinki that the phenomenon in the 
tarmei case ia an effect of contrast with the light of the orb. M^ do hi Riva 
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called tke altraoon of tbe eociety to eome new experiments by M. Rirchoff 
trUuiijr to tbt induence exerted on tbe Btripee in the Bpectnim of s fiame by 
ikte piv^Dw IB tbat flune of certain metallic Bubstances. From tbeae eiperi- 
nteuL^ ki^Uy iniereetiDg consequeDces regarding tbe nature of tbe solar 
MlDHvphriv >re deduced by Jd. KircLoff. 

Fn>iu M. iiaoiier we also received an account, firet, of a memoir of M. Otto 
^inive. jr.. en the annaal parallax of tbe stare, alpha of tbe lyrte and SI of 
tfe BWMi. Tbe re«alt of tbe observations on tbia last etar eetabliab its com- 
jviTJdivo prosimity to tbe earth, from which, nevertheleaa. it is separated by fonp- 
ttvii uittioaa of millions of leagues ; second, of a memoir of M. Powel, ot 
Madrwo, on tbe double star efa of GaBsiopea, tbe distance between tbe two 
iii»» being 7", and their orbit indicating a revolution of 181 years ; third, of 
tttf pnblicaiion of tables of Venus, by M. Leverrier, the results of which indi- 
eatv ihat ifae value of the ma^-s of the earth is to be slightly augmented; 
ituirtb, of observations made in England and in Germany on a nebula which, 
duhug tbe month of May, 1860, assumed for some days the appearance of a 
twtlliuni star of iho sixth or seventh magaitude. 

M. Wariraaun, sr., notified us of the discovery, between Mare and Jupiter, 
of six new aatcroidB. On tbia occasion ho combated the idea of M. Leverrier, 
ibal thcae new ptanetB might be recently formed from the cosmic matter dif- 
l\im-d through Bpaco. He also communicated a note on an aurora borealis ot>- 
M'rved At Geneva March 9, 1661, in which it is shown that tbe theories of tbe 
aUMira heretofore given leave unexplained the cauBe of tbe movement of oscil' 
laiiiui which is executed by describing suddenly and completely an azimnth&l 
iir* uf neveral degrees in extent to the right and left of tbe magnetic meridian. 
M> Wartmana invites the attention of tbeorista to this strange phenomenon, 
which (-ijunlly coucems both physics and meteorology. 

The communicatinnB relating to electricity have been, as usual, quite no- 
UM'it>ua. M. L. Snret presented on tbe 6th December an essay towards a 
niiH'hanical theory of electricity. After having recalled the fact that electric 
phruomuna, and especially tbe calorific and mechanical effects, seem to adapt 
llki'mit'lveB fully ti^ an hypothesis like that on which rests the mechanical 
ibfory of beat, he infers that electric phenomena are to be regarded as molecu- 
lar movements subject to the ordinary laws of mechanics ; and he proceeds to 
mvostigftte the nature of tboBe movements which he considers :to be rotary. 
'l'h<> nuntion may be executed in two directions, from left to right and from 
li^bl to left. From thence would Sow that duality which characterizes elec- 
tric phenomena, and conducting bodies would be those which allow the trans- 
lui.^^iou of the rotary movement of a molecule to neighboring molecules, while 
ihal pi-opcrty would be absent in isolating bodies. On these principles ii. 
Sart'l explains the facta of both static and dynamic electricity ; and he t«rmt- 
luttcd this first communication, by Bbowing that the phenomena of the propa- 
);Hlii)n of cuiTents and cxtra-currentB, of the closing and the rupture of.a ctr- 
uwii. are easily explicable on the hypothesis thus presented. The chief objec- 
t)oui> to this theory arise trom the impossibility of explaining thereby actiona 
M a diatance, and the consideration that the movement of rotation of a mole- 
I'ule cannot produce in the neighboring molecules a movement in the same di* 
ivttlon, but necessarily movement in a contrary direction. 

M. de la Rive reminded us that in 1840 he proposed to explain the variations 
wi' iho magnetic needle by the existence at the surface of the earth of electric 
■.■uitents resulting from a rapture of equilibrium of the terroBtrial and atmos- 
ukrrio electricity. This theory was rejected by astronomers, who maintained 
^t the magnetic variations are too inlimately connected with the position of 
■ bnf »im not to depend on (he direct action of the masB of that body, itccently, 
iiuwtvcr, a celebrated astronomer, Father Seccli, has anew had rocoune to the 



i,Goo^^[c 



PHYSICS AND NATUEJiL EISTOB¥ OF QENETA. 265 

influence of atmospheric agents in order to ezplun to & great extent tlie varia- 
tioos of terroBtrial magnetism. Every mpture of meteorological et|uilibrinm ' 
producing a condenimtion of watery vapor woold prodace a rupture of elec- 
trical equilibrium. This equilibrium cannot be re-established except by cur- 
rents of the surface, currents which must act on the magnetic needle. Uoubt- 
lesa the mass of the sun exerts a direct action on terrestrial magnetism, but 
M. de la Rive thiuks that this action has been much exaggerated. It would 
not surprise him if in the magnetometer there were eveatnally found an instru- 
ment of meteoroloey at least aa delicate as the barometer. 

By the same collcaene au account was given of the experiments relative to 
electrical cables, whicQ he had witnessed in England. It appears diat the ill 
success of the transatlantic cable is chiefly to be ascribed to the defective 
setting of the Boldering, and also to the circumstance that the cable was laid 
in BU(^ a manner as was calculated to produce ruptnies in the isolating en- 
velope. Nor is the fact to be overlooked, which has been proved by direct 
experiments, that pressure increases the conductibility of the envelope of gutta- 
percha, which is not so isolating aa has been generally supposed. During au 
excursion to the ueighlrarhood of Dover, M. de la Rive took occasion to ob- 
8ei:ve the application of electrical illumioation to light-houses^ The electricity 
la not generated by a battery, but by nvignets of steel arranged on a circum- 
ference before which pass points of soft iron surrounded by a coil and placed 
on the periphery of a wheel. To this wheel motion ia communicated by a 
sm^U steam-engine. The cost of the apparatus once defrayed, and this cost 
is certwuly considerable, tbe daily expenses are leas than those of ordinary 
light-houses. We leoru irom a letter addressed to our colleague by M. Beo- 
querel, who has since studied the subject, that the light obtained by the above 
means is very constant. A machine of one and a half horse power, consumiag 
six kilogrammes of coke per hour, suffices to produce currents which, issuing 
between two retorts of charcoal, give a light equal to 300 wax candles or Iq 
carcel lamps. 

Professor Wartmann reported to the aociety the researches of M. Magnus 
on the conductibility of gases. When a met^lic wire is heated to redness by 
the current of a battery, it is found that the duration and intensity of tbe heat 
Tory with the circnmambient gases ; hydrogen, for instance, conducting heat 
as a metal would do. M. Wartmann gave an account also of a memoir of M. 
Rike, of Leyden, designed to explain the non-ius tan Caneous dobs of the propa- 
gation of the electric fluid in conductors. He compares the propagation of 
electricity to the efflux of water or of elastic fluids under certain determinate 
conditions. To conclude what relates to tbe principal reports concoming elec- 
tricity, I may hero mention that M. L. Soret presented tbe model of a new 
battery, constructed by M. Delenil, of zinc and protosulphate of mercury, 
which, being charged with pore water, exhibited for three months an action 
perfectly constant. 

The properties of gaa have formed the sabject of several communications, 
U. Marcet called attention to some new experiments of M. Tyndall on their 
diathermal power. From these it results that simpln gases absorb only 3 per cent, 
of the caloric emitted by the source of heat, while, compound gases abdorb 
much more considerable quantities of it ; olefiout gas, for instance, 81 per cent. ; 
oxygen and nitrogen conibined in protoxide of nitrogen, 60 per cent. Vapors 
absorb more than gases. M. Marcet likewise cited a memoir of U. Froncklnud 
on the influence of the rarefaction of air upon combustion, and showed that it 
may be considered aa nothing. On the other hand, the intensity of light di- 
minishes rapidly with the density ; thb loss of bngbtnosB being, in England, 
0.05 to the inch of the pressure of mercury. M. L. Soret repeated before tbe 
Bociety an experiment of U. Deville, intended to show a property of endu- 
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rnoae of gases in traTersbg porous earths. This experiment evisces that tf. 
when a corrent of hydrogen is traveraing a tube of baked earth, we itop th« 
current, there ia a vacuum produced in the apparatus, which can be only attri- 
buted to the circumstance that a portion of the hydrogen paasea through tha 
ffidee of the porous tube. At Ihe same time a certain quantity of atmoepheric 
air is mixed with the gas remaining in the apparatus. 

M. Antoine communicated new reaeorcbes on the combustible part of tbe gas 
of the fumarolles of Tuscany. It ia composed in variable proportions of the 
mareh gas and protocarhonated hydrogen of double the volume. He con- 
cluded with some general considtrations respecting the absorption of gases. 
From his experiments it results that the complete solution of the gases, on which 
liquid reactives exert a special action, depends on tbe mass of the absorbent 
body and on tbe exteut and duration of the contact. M. de la Rive announced 
that M. Schfinhein, who has been long occupied with the isolation of antozona 
or positive oxygen, baa arrived at the desired result by tbe trituration of fluor- 
spar in water. 

M. Marcet gave an account of a memoir, published in America by MM. Elliot 
and Scherer, on the purity of ziuc. The purest of all is that of Old Moontaiii, 
and next the zinc of Pennsylvania. On this snbject, H. de la Rive announced 
tbat.U. Deville has ancceeded in obtaining very pure zinc by means of distiUa- 
tion, and that be has, moreover, discovered a process for procuring it in a very 
pnre state from tbe sulphate of that metal. H, Favre referred to some new 
experiments of M. H. Deville for tbe production of artificial minerals. He has 
succeeded in producing fluoride of aluminum and staurotide, and has ascer- 
tained that a very small quantity of the fluoride of silicon will mineralize a very 
considerable mass of base. M. P. Morin communicated an abstract of an analy- 
sis which be has made of water from the fountain of Guillot at £vian. Tbe 
results are much the same with thoae obtained by MU. Tingcy and Feschier 
from the water of Gachat. In the present case special attention was paid to 
the glairine and the bituminous substance contained in the water of Guillot. 

But one communication has this year been presented on the snbject of light, 
and for that the Society is indebted to a young physicist who is not one of its 
members. M. Lncieu de la Rive favored ns. on the occasion spoken of, witfa 
an account of a new experiment on pnrailel diSVaction, in which he bad studied 
the image of the ann. As be has announced bis intention of presenting a second 
memoir on this subject, I shall attempt no aoalysia of the former, more especi- 
ally as it would involve details which the limits of this report will scarcely per- 
mit. For a like reason, and because it has been already priuted in the Biblio^ 
thrqtu Univ^idk, I restrict myself to a single notice of the paper read by St. 
Thury to the Society, entitled, *' Remarks on an article of Siiliman'a Joum&l, 
relative to Speucer's microscopes and tbe structure of tbe wood of ijie conifera ; 
and consideiatioos on microscopes in general." We all remember how many 
important remarks on mtcroacopes, and how many practical instmctiona, as pre- 
cise OS they are useful, with reference to the present state of those instruments, 
are contained in the paper in question. As to the pores of the conifene, con- 
trary to the iigarcs given by tbe American author, M. Thury has satisfied him- 
self, by direct observation, that the thin membrane which, according to some 
naturalists, forms the base of these pores, really exists, and the organization 
remarked by U. Clarke in the old wood can be only .the result of an aitemtion 
«f tbe organs. 

NATURAL 8C)B\CB3. 

In commencing a review of this branch of the occupations of tbe Society, 
geological communications are thoae which first present themselvea. Professor 
Favre, haring lately visited Amiens in Picardy, gave the limits of his explo- 
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ntioDS, and Bubmitteil some of tbe inetninieDta cut from eilex wbich are found 
ia the qnaternaxy fonnationa of that precinct. These axes, a8 they are called, 
occnr iu the bed of gravel which aUo coiitaina the bones of animal apcciea now 
extiuct. In tbe bed of white sand which overlies the Btfatum containing them 
he met with a geode composed of well-defined crystals of hyaline quarta. The 
position of these cryBtiila, as M. Favre maintains, shows that they were fonned 
since man has inhabited the earth. This recent origin of the quartz would ex- 
plain how cryataJa of that substance come to be found on a projecting point of 
one of the axesM^xbibited to the society, since they could only have been formed 
after the transUtion of the gravel atid the axes. 

From the same colleague we received an account of some geological obser- 
vations which he has recently made in Manrienue. On (he right bank nf the 
Arc, between St Jean and the pass of Eucombres, he found that the fonna- 
tione were folded or bent like the bottom of a hoit, while the rock of the coal 
formation comprised between the former locality and the tunnel of the Alps 
jiesents, on the contrary, a sort of fan-like structure, and a vault in the eastern 
part of this vast group. From these observations he concludes that the foi-ma- 
liou which contains the anthracites between St. Michel and Modane pertaina 
to the true coal formation, that it is covered by the triaasic rock, and that the 
liasaic and nummulitic strata occupy, in relation to the other formatioDS, the 
■ome position as in other countries. 

A statement was also given by SI. Favre of the observations and experi- 
nonts of M. Daubree on mutamorphism, whereby the latter has shown that, in 
explaining this class of phenomena, the action of water ia to be taken largely 
into account. With these results of M. Daubree oar colleague collated the dis- 
covery of M. Sozby of the existence, in all granitic quartz, of myriads of small 
xavities, filled, some with gas, others with liquid, lie further called to our 
notice a discussion which had arisen in the Geoloopcal Society of London. M. 
Murchisou lias observed, over a great extent of Scotland, gneiss reating upon 
quartz, even argillaceous schis(s and limestone resting upon granite. This im- 
mense group could not owe its origin to a local inversion of strata, like those 
observed hero and thero in the Alps. M. Nicol earnestly contested the exist- 
euce of this overlying gneiss. This report gave occasion to M. de Suuasure 
to remark that M. Logan has described this superposed gneiss aa existing in 
Canada to such an extent as to exclude all idea of an inversion. 

At our last meeting, M. Favro recounted an excursion which he had made 
with M. de Morlot to the cone of erosion of the Tiniere, near Montreux, and 
explained the theories of that aavant on what he calla the Roman deposit, four 
feet boluw the present surface; tbe deposit of the age of bronze, six feet be- 
low the former; and, ten feet lower still, the deposit of the age of stone ; togctbec 
with the reasons on which he founds those distinctions and names. 

The Society has been favored by Professor Pjctet with numerous communi- 
cations relative to paleontology, of which the following are the most important. 
First, a notice on the succession of ccphalopod molluscs, during the chalk period, 
hi the region of the Swiss Alps and tbe Jura. Ho derives from a detailed study 
of the fossils contained in the crc'taccoas strata of Ste. Croix, and their compari- 
sou with cotemporaneoua repositories, an argument in favor of the idea pro- 
pounded by M. B^rrande, that two successive faunas must necessarily have ex- 
isted together (ar some time, and be concludes by showing that paleon to logical 
faunas distinguished throughout by marked characters are not ordmarily sus- 
ceptible of any rigorous limitation. MM. Claparede and Favre took occasion 
to remark bow much tbe conclusiona of M. Pictet must in future complicate the 
task of the geologist who undertakes to determine the age of a formation. 

Led by hia stndy of the neocomian fossils to determiee a great number of 
fragments of unroUed cepbalopods, M. Pictet has attentively considered their 
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eepta, and has found tbat there ia no connexion between the form of the^e 
Bcpta and the generic clniractcre. On the coolmry, he has arrived at tbia 
Qnexpcctod fact that the eepta have undergone what might be called a eort 
nf geological evolution. Their form is a character not of the species, but of the 
epoch in which the ccphalopod was alive. K. Pictct recognizes the two follow- 
ing laws : 1. All the neocomian species have the auperior lateral lobe divided 
into unequal parts ; 2. The proportions of the inferior lateral lobe vary with 
the geologic age. M. Fictet furtber luformed us that near Moutiers, in Switzer- 
land, occurs a site analogous to that of Uauremont, formed, that is to say, by 
the fauna of the baain of Paris, in euperficial rents or fissures. Below, in the 
juroBsic formation, boues of the Megaloaaurus have been discovered ; a fact of 
interest, because that reptile constiiuted, with the Iguauodon and the Ileosaurua, 
the only great terrestrial reptiles of the Jurassic period. At Mauremout have 
been found a jaw-bone of the Bhagatherium and a tooth of the horse and ox, 
respectively — teeth, which have evidently proceeded from an intermixture later 
than the eocene fauna, which, till now, lias been found in Switzerland tree from 
all accessions. 

Wo owe to the same colleagne an analysis of a memoir by H. Desor, relative 
to the question of the fossil man. The author combate the opinion pronounced 
by M. Fictet, that thero has been no appearance of new species since the com- 
mencement of the quaternary epoch, but only extinction ot species. To prove 
that during the quaternary period new species have appeared, M. Desor remarks 
tbat certain tisbes, particularly the Ci/prinu» idas, are found only in the lakes 
of the north of Italy, and these lakes having been filled with ice during the 
glacier period, the creation of the fish must have been subsequent. M. Pictet 
refutes this remark by observing that when two identical fishes are fouud in two 
basins without communication, we have recourse, in order to explain this fact, 
-to any other hypothesis rather than that of a special creation for each bttaiu, 
Ou this occasion M. dc Candollc called attention to the groat difficulty which 
exists, in some cases, of comprehending bow certain aquatic plants could have 
reappeared on our lakes after the glacier period ; though M. Wartmann waa of 
opinion that their seeds might during the interval preserve their germinative 
faculty. 

M. de SaussuTO exhibited the skull of a stag, found in a canal at Longmalle 
(Geneva,) and presenting a striking peculiarity; it bears the mark of blows 
given with cutting implements, and the antlers have been separated by a stroke 
of a hatchet. It is probable that this skull was buried in the sands ou the bor- 
der of the lake in tlie same manner with the bones which are taken from the 
laciiHtrian sites. Our colleague also submitted to the Society some observations 
made in the pass of Bernardino in Oregon. Here are to bo seen vast cxteotA 
of rockii smoothed as if by glaciers, though without Btria ; the smoothness being 
attributable to the action of the sand which, in those regions, the wind trans- 
ports in groat quantities, while all the edges of the rocks exhibit channelliugs 
in the direction of the prevailing wmd. 

M. de Loriol, then a free associate, presented a memoir on the fossils of the 
middle neocomian of Sal6ve. This neocomian has a peculiar J'aeUs, character- 
ised by the Amnumitet radiatu*, which might be named the jurassicyanM, 
because all the deposits of the Jura pertain to it. The neocoipiau or the Voi- 
rons and of Mole pertains to the alpine Jaeiet, with the deposits of the AIpsi 
which possess characteristic fossils. These two Jaciet often meet side by side 
in the Bonth of France. For four years MU. Pictet and Loiiol have been col- 
lecting numerous specimens of the fossils of Sal6ve. The tatter has diatia- 
gnished 139 species of invertebrata pertaining to Molluscs, Annelida, Echinids 
and Bponglaria. Thus far he has met with no Polyps. In general the pre- 
servatioa of these foaails is imperfect, epecimeas invested with their shells b&ng 
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Beldom foand. A large nambor of inside moulds, especially of Mollusks, offer 
a singular pecaliarity. Certain portions of thoir surface are covered with eer- 
polje and encrosttng bryozoo, which have evidently lived on these moulds. 
The middle neocomian of Saleve may be divided into six strata, which present, 
paleontologically, certain differences, but which contain an assemblage of fos- 
sils pertaining to two diatmct faunas, both carefully described and characterized 
by M. Loriol. 

In answer to some objections of M. Favre to the epithet alpine as applied to 
the neocomian JhciM of the Voirons, M. Fictet pointed out that there arc in the 
neocomian two very distinct faunas; one of which occurs in the Jura and 
throughout France ; the other, whose fossils ore whoUr different, commences 
at Sentis, traverses the small cantons, the Bemese Oberland, the canton of Pri- 
bouig, and extends to Gh&tel St. Denis and Bex. It is again found at the Voi- 
rons, at Uole, whence it stretches along the Iscre, traverses the higher aad 
lower AJps, and following the prolongation of these mountains roaches Padua 
and Venice. This fauna is characterized by great numbers of unrolled ccphal- 
opods. There ore points of contact where these two faunas meet, as if by digi- 
tations. Sol&ve forms a Jurassic digitatiou, the south an alpine digitation. 

Botany'has not, this year, played any considerable part at our meetiogs. If. 
Claparede recounted the new experiments of U. Pasteur on fermentation. This 
savant has observed that the infueory animalcules which are developed in fer- 
menting liquids continue to live when deprived of oxygen. But in tbe opinion 
of all microBCOpists, these pretended animalcules ore in reality vegetables, 
which should be classed with the semi-cellular algte. 

Professor Wartmann communicated the result of experiments which, at the 
request of M. Thury, he had made on the influence which excessive cold exer- 
cises upon seeds. Seeds, some of which had been exposed for a half hour to a 
temperature of 57° centigrade, and others for twenty minutes to one of 110", 
vegetated, when sown in spring, as well aa the seeds of the same species which 
had been protected from cold. It results that the greatest cold we can pro- 
duce does not destroy or even enfeeble the vitality of seeds. • 

AI. Casimir de Gandolle, who was not then a colleague, read a memoir on the 
artificial production of cork, which he has had an opportnnity of observing 
during a sojonm in Africa. This paper baring been printed in the sixteenth 
volume of the Dtemoirs of the Sodety, which will contain the report I have now 
tbe honor to present to.you, no analysis of it is necessary. Tour president has * 
also had the privilege of making some communications to yon. I submitted to 
you my researches respecting the, family of the Hypoxylew, (Pyrenomi/cete*, 
Ft.,} and endeavored to show that to this entire group of fungi should be 
applied the same priuciples of classification which I nave adopted for the 
tribe of the Hysterineee. This memoir being but the development of § 4 of the 

Eiaper which you have caused to be printed in the sixteenth volume of onr col- 
ection, I refer to that paragraph air who may be interested in the subject. I 
took occasion to bring to your notice tbe observations of U, de Bary on the 
Cyttopui candidiu, a minute Uredinea, which forms white sltots on the leaves 
of the Scorzoneraa, in the spores of which the Professor of Fribourg tells ua he 
has seen, when they are sown in water, the formation of zoospores furnished 
with two flogellary cilia. M. de Bory also tells ns that, in certdn conditions, 
he has seen zoospores formed in the tubes issuing from the spores of the cham- 
pignon of the potato, (Peronotpora deoaatatrix.) I communicated to you, in 
the last place, the researches of M. Hicka on the gonidia of Lichens, from 
which it would seem to result that a multitude of pretended aerial Algse, 
described under tbe names of Protoeoccvt, Paitaoglaa, Ifc., are but stages of 
development of these gonidia. 

Some very iuteresting communications on zoology have been ncelved by tha 
Society in the course of the year. By M. Claparede ooi aMeation was called 
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to experimentB coDducted in Ijondon, by M. Marcet, with « view of detennin- 
ing whether the to^ic action of alcohol makes its imprcBaioQ on the brain 
through the medium of the circulation or of the nerres. The experimcDts in 
question show that the circulation is the essential interraediair. Our collcagne 
iiirther laid before ua the result of researches, in which he- has been engaged 
for three years, on the evolution of arachnida iu the egg, and accompanied 
his developments with several plates. A detailed analysis of this rcmurtable 
memoir would involve so many particulars, and necessitate the use of so many 
technical terms, that I am with reluctance compelled to forego it. The resalt 
of the phenomena imports that the embryo originally rolled np oa the back is 
in the end rolled up on the belly. To this memoir M. Claparedo added some 
expressiouaoo the utility of these embryologicalinvegtigationa in the comparison 
of the appendages of the spider with those of other ai-tbropoda. He shows 
that the protogiiaths or forciples of the spider are boraologues of the antenna 
of the larvjE of insects and of the antenna; of the second pair of tho Crustacea, 
while the dcntognaths are homologaes of the mandibles of tho Crustacea jind 
of insects. M. Claparede also presented us with some drawings of animals bnt 
little known, which he had observed in the Ilebrides. Tho first of these are 
representations of two species of worms of the group of the Sipunculoidm. 
Another represents an Actinotrorka branchiata, a marine animal for which 
hitherto no place h^ been found in any division of the animal kingdom. M. 
Claparede suspects this strangt looking creature to be the larva of a worm. 
Lastly, our colleague gave us an account of the physiological researches of M. 
Voit in regard to the pearl Uoio, and explained the reasons which render doubt- 
ful the respiratory functions of the pretended hranchia of the Lamellibrancb. 

Jl. do Candolle presented, on the part of M. Guerin-Menneville, a report oa 
the attempts made for the acclimatation, in France and Algiers, of the silk-wonn 
of ibo AJlanthns, (Boinbya eyathia.) 

M. dc Sanssure continued his commnaicationa on the natural history of 
Mexico. lie spoke first of the Vampiridoe, cheiropterous animals with a pecD- 
liai' membranaceous foliation seated on the nose, aad showed, as specimens, 
those particularly of the Mormopiis Blammllei, which, tilt now, were found in 
no muaeuma but those of Ijondon and Berlin. He afterwards described a Cen- 
turio, with a face singularly distorted, and withal more obtuse than that of any 
*f the Mammals, man included, bnt with a skull so greatly flattened ss to pro- 
duce a resemblance to the frog. 51. de Saussure furtber presented a Coati, of 
which a new species of late has been erroneously formed. 

From M. Humbert the Society received some, very intiereating gtatcmenta 
with respect to hia explorations in Ceylon; and first, in regard to many species 
of terrestrial Planariai, of which he exhibited drawings, and several of which, 
discovered by M. Humbert, are distinguished by (he malleiform or crescent- 
shaped enlargement of their anterior portion. M. Claparede followed this com- 
munication with some remarks on the anatomy of one of these species. M. Hum- 
bert proceeded to^ive some particulars respecting the land leeches, which are 
very common, and not a little inconvenient in ccrfain parts of the island— 40 
common, indeed, that it is impossible to keep goats in such places. At another 
meeting ho gave an account of the general aspect of the ornithological fauna of 
Ceylon, and exhibiting numerona specimDns, deacribed the habits of the carious 
birds which he placed before us. 

I shall have conclndcd the portion of my report which relates to zoology 
when I mention the memoii' read at our last session, by M. Victor Fatio, on tbe 
different varieties of frogs which frequent The environs of Geneva. In this 
memoir, which is accompanied with colored plates, the anthor describes, under 
tbe name of Rana gracilu, a new species found in the marshes of Fuplinge, 
and produces some fine epecimens of it. 
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The foregoiog is bnt a colorlcBS eketcli of the traneactione of the Society 
during the year which tenninates to-day.* Yet, however incomplete, it may 
Buffice to show that among the members of this aBBociation the love of ecience 
and of labor haa not diminiKhed, and that it continnea to procure, fof minds 
capable of apprecifttitiK them, tliose pure and elevated pteasurea of which the 
study of the works of the Creator is an inexhaustible source. May He who has 
placed us in a country so rich in Buhjecte of research and meditation continuo 
to preserre you, that by your example and inbtroctiou you may encourage 
those who follow you in life to strive likewise to lift some of those veils which 
still liide from us so many mysteries, and worthily to fill the vacancies which 
the will of God accomplishes iu our midst. 

We have this year had bnt a single loss to lament — that, namely, of onr 
senior member. Prof. Afauuoir. We have not of late seen him at our scoeions, 
but the former records of the Society attest the interest with which he regarded 
its proceedings. In the brief sketch which I can here give, and while regret- 
ting that the office of commemorating his eminent merits has not fallen to some 
one better qualified, I shall he held excused if I touch rather on those works 
of bur deceased colleague which bear a direct relation to the physical and natu- 
ral sciences than those pertaining to the art which he practiced with so much 
dJBtinction. 

Jean Pierre lAannoir was bom October 10, 1768, at Geneva, and was led at 
an early age, in the pursuit of his surgiciil studies, to visit first Paris and 
afterwards England. The first publication by which he became known was 
pnhliahed in 1812, and was entitled Pkr/iiolagical and practical memoirt on 
aneuritm and the ligature of tlte arterUt. Hia reputation was still further 
ezteoded by bis writinga on the organization of the iris and the operation for 
artificial pupil, in which he demonstrated that the iris is composed of a double 
muscular system, of fibres disposed iu radii, proceeding from the larger border, 
of the iris towards the centre of the pupil and of circular fibres surrounding 
the pupil like a ring. He applied his views on the functiou of these difi'ercot 
fibres to the operation for artificial pupil, and succeeded in a great number of 
cases in obt^ning pupils whose form was exactly that which was indicated ia 
advance by the arrangement of the muscular fibres divided. The reputation 
which these -publications procured him was advanced to a still higher point by 
the address, the skill, and the presence of mind which he brought to such. deli- 
cate operations as those which regard the sight. I pass over various disserta- 
tions by our colleague on subjects of surgery, on the medullary fungus and 
hematodes, (1820,) on hydrocele of the neck, on amputations and immediate 
reunion, on cataract and the means of remedying it, in order to notice an essay 
published in 1842 on the adjustment of the eye to diS'erent distances. Ue 
attributed this faculty to a change of form in the ocular globe produced by 
the contraction of the external muscles. The recent progress effected in the 
anatomy and physiology of the eye no longer authorized us to admit this con- 
clusion, hut teaches us to seek the explanation of the phenomenon in the inte- 
rior of that organ and in the movements of the crystalline. The diversified 
labors of Mannoir procured him many honorary distinctions. Without speaking 
of the place be occupied in the scientific societies of Geneva, I shall merely 
recall that he was a correspondent of the French Institute and an associate of 
a great number of learned aocietiee of the highest distinction in Europe and 
even in America. He loved science in all its branches, and those of us who 
remember his attendance at our meetings will not have forgotten the intelligent 

■ (Jnne 13, 1861.) It should be added, to juBttfj mora fullr the expreuioiu above em- 
pitted, that maoj' pnbliEationi by memberB of Iba Sgdet;, and some of tbem unong (he 
moat important, ore not mentioned at the meetings. 



DijiiiMb, Google 



272 SOCIETT OF PHIfSICS AMD NATURAL HISTOET OP GENEVA. 

iDlerest with which ho addreaaed his inqniriea to the authors of the memoin 
there read, in order to develop a clearer idea of the theories advanced or the 
facts recounted. Nor will they fail to recall the kindliness of his manners, the 
promptness to oblige, and the perfect good-will which marked all his conduct 
toward hia colleagues. It was on the 17th of January last that he terminated, 
at the age of 92, his long and admirable cai^er. 

The loss thus euetained by the Society has found a compeosatiou in the accefi- 
Bion of two new members, MM. Perceval de Loroil and Casimir de Candolle. 
In connexjon with the latter nomination, it may not be amiss to say that no 
more agreeable duty could have attended the discharge of my functions aa 
president than that of signing the diploma of membership of the son of the 
excellent colleague who is to succeed me iu this chair, and grandaon of the 
distinguished master who once honored me with hia counsela, his inatmctioos, 
and his friendship. 

After what was said by my predecessor, M. Pictet, in the annual report of 
1360, respecting the incorporation into our body of the Free .Aitoeiatet, I need 
only add that we have had no cause to regret this change in our organization. 
The regular attendance of several of them has contributed much to the inter- 
eat of our sessions, and we may hope that they will in future take even a 
still more active part in our deliberationa and enhance their favors by occir' 
sional communications. Alas, while writing theae lines I cannot forget that 
two of the names which we had gladly inscribed on our lista will next year be 
no longer found there, and that the void which they leave is but on imperfect 
Bymbol of the greatnesB of the loss, not only to their families and friends, bat 
to the community and the country. The two free associates whom we do 
longer possess are the former ayii£c, M. Barde, and Dr. BilUet. 
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Obntlemen : In presenting, se a nile of the Society requires, a revicir of 
Ita traDHoctioua during the past year, I find my task siugalarlr facilitated by 
the exactness wjtli 'Which your proceedings have been recorded by our learned 
secretary, M. Glaparede. Vet I am sensible that, as regards the relative length 



o{ the articles, the same role will not apply to bis labors and to mine. An 
malysis, however abridged, of memoirs Euready pablisfaed or about to appear 
n t)ie forthcoming volume of our series, would M little less than absurd. Oar 



reports are addressed to men of special culture, who prefer to consult the origi- 
nal work, and are by no means embarrassed by the necessity of recurring, for 
instance, to the Btbliotheque UnioernUe, or the Memoira of our Society. I 
shall, therefore, simply indicate in many cases the place where dissertations 
are to be found which occupy a targe space in our records, while other motives^ 
will induce me to pass rapidly over certain communications which possessed, 
at the moment, a lively interest. I speak uot of the information given respect- 
ing discoveries made iu various countries respecting new works and the opin- 
ions delivered by learned men on controvert^ subjects. Commuuications of 
this nature, always numerous and varied, while they keep us apprised of the 
progress of science, and assist ns in forming an opinion of men and things, 
nave in them either nothing original, or if anything original and of intrinsic 
interest, it consists in the opinions pronounced regarding some work or method 
or theoiT ; and it is obvious that, in order to remain habitually fi^ank and on- 
reserved, appreciations thus verbally given shonld not be m&de public. One 
of the charma of our association consists in conversation upon our owa labors 
or those of learned foreigners. Let us preserve for this part of our ezercisea 
the ad vantage of being undivniged ; it is one which, to a society like ours, 
limited, conhdential, and unofficial, it would be annoying to lose. I shall pro- 
ceed now to enumerate the series of our labors, classing and abridging them, 
and also suppressing much for the reasons just assigned. 



ASTBONOMY. 



To Professor G.-iutier we are indebted for an account of the observatories 
of Zurich and of several cities of Crermany which he has had an opportunity 
of exiuniaiag iu detail. He has also, in numcroua and varied communications, 
kept us ini'ormed of the advances made in astronomy. His views respecting 
comets* have been developed and completed in reference to an article in tho 
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BiUuftheqiie VmverteUe, pabluslMd doriog tbe present jrear. CotoDcl Qaa&K 
alao favored as with observationB made bj hinuelfi partioolariy tbon relative 
to the tohr eclipse of 1660 ; while Profeasor Plantamonr hu continued to iowrt 
in oar Mevutirei the Beriee of aBtronomiettl obeetratioiiB made at the obeerT»- 
Xaij at Genera. 

PHT8IC6. 

Is it among coemic phenomena, or those which fall within the proTiDoe of 
terrestrial phyeioe, that we^nld class the aurora boreaUtf This qnestioais 
BO longer an open one since our learned colleagne, U. de U Rire, has made it 
the BDbject of hie profuond research. On different occasuHu, and eapeciallf in 
an exteaaire memoir now in coorae of publication in oar collection, he has fnr- 
niibed the proof that the boreal and ansttul anroras are a phenomenon piodaced 
in the highest repon of the atmosphere by the encounter of opposite elec- 
tricities. The higher region is babitnallj charged with positive electrici^. 
while the earth ia ordinariljr negative, and the lower stratom of the air acts n 
an isolating mediom. The winds drive the electric vapor towards the two 
poles where the dischaiges take place. M. de la Rive bolds that, according ta 
the lavs of temstrial magnetism, an equal condactibilitj of the maritioiB or 
wet snr&ces being aeaomed, the maniibstationB ought to be simaltaneouB >1 
both poles, and he insists that obeervatiDD has in fact cori£nned this aimulta- 
neooaneea. In order still better to demonstrate his theory, our ingentona o(d- 
league has had an apparatus eonstracted representing the terrestriiu globe, and 
so arranged as to be capable of realiEing all the conditions of ma&netism ; and 
with this, bv the application of electricitv, he has produced the aifierent phe- 
nomena of Uxe aurora, its glimmering light, ils Inmioona jets aorronuding the 
poles, &C., exciting the admiration even of those who take little intereat in tbs 
theoretical question or the difficulties neceesary to be surmounted in procuring 
to decisive on imitation. In this apparatna, constructed at Geneva, in the 
atelier of Professor Thnry, and under the direction of 11. Eugene Schveid, a 
^here of wood repreeenta the terrestrial globe. It ia so contrived as to jpre- 
aent at the extremitiee of ita horizontal axia two magnetic poles, around whicb 
the diacbaiges of a Rnhmkorff apparatoa produce Inmiuoue efi^ta. The aor- 
&ce of the globe having been moialened, ia covered here and there with small 
metallic plates, from which proceed wires terminating in a galvanometer at 
some distance. The deviationa of the needle, when the polar dischargee take 
place, are aualogons, in their minutest phases, to thoae manifested iu the com- 
mon tMegiaphie apparatus during an aurora borealis. A pecnliar arnuigem«d 
allows of the artifidal reproduction of the perturbations of the magnetic needle 
which accompany die auroral phenomenon. The memoir of U. de la Riva 
comprises a dnciissiiHi on the nature of these potorbations and on the direction 
of tne electric currents to which terrestrial magnetiam ia attributable. It ia 
enough to anwnmce these investigationa to attract to them the attention of 
l4ivBicif)t8. 

k. Wartmann. senior, being, in September last, at Cologuy, and therefore at 
a certain elevation above the left bank of the lake, several times observed, half 
an hour after the setting of the sun, singular effects produced by mirage. Oo 
the other side of the lake, or rather towards the middle of it, an island would 
make its appearance, presenting ranges of trees in a reveieed position, while 
beyond this isle the lake retained ita nsnal liqnid appearance. 

Professor Wartmann, jnnior, repeated before the Society the recent experi< 
ments of M. Plateau on bubbles of soap, of varied forma as well ae much per- 
sistency, obtained by mixing with soapsuds a small quantity of glycerine, and 
causing the bubblea to attach themselves to iron wires arranged in different 
manners. At a subsequent aeasion M, Wartmann exhibited an apparatus of , 
the same kind, still more varied, so as to produce more peifecdv. than Wfonner 
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wocesflce the ptienomons of coloratiim in eztremelT' tbin 8iii&c«s.of tbe liquid. 
The dark part prasenU not more than yinVsir "^ * millimetre, whence we may 
condnde, eays M. WartmAtm. that the radina of the sensible acdvity of molecti- 
tar attraction is below g^n^jnnr °^ ^ millimetre. 

M. de la Rive submitted to inspection a minimum thermometer of OaseUS) 
an ingenious instrument, in which, instead of a movable index, there is a lateral 
reservoir adroitly constracted, into which the mercQry flows when it rises. U. 
F. Plantamoor described to us the injector of Oifiart, desipied as a rnbetitnta 
for the enpply pump in steam-en gi nee. M. Engeoe de Morsier exhibited a 
cruet taken from boilers of those engines, wbicli ia impenetrable by water, 
and thas gives rise to accidents. 

Oar regretted colleague, M. Hitter, of whom I propose presently to speak, 
had presented to the Society a cnrious memoir * on the gamut of the mathema- 
ticians compared with that of the musicianB. M. Alexander Prevostt subse- 



qo en tly analyzed this memoir, and, after deducing from it certain consequences, 
proceeded to compare them with the opinions and practice of moBicians. Both 
memoirs having been published, we merely indicate them to the savanta who 
interest themselves in qnestions of this natnre. 

ProfeHBOT Plantamour and M, Hirsch, director of the observatory of NencUL- 
tel, have commenced a series of observations to detennine the relative position 
of Geneva and Neuchitel. by availing themselves of the electric telegraph. 
The highly improved instruments would have yielded satisfactorv results had 
not causes ariHin^ out of the «{ate of the sky and of the telegraphic lines iuter- 
mpted the proceedings. The observation from Neucb&tel to Geneva gave at 
difference of longitude amounting to 3' 12" .22; but when the observers would: 
hare changed their stations, in oi^er to eliminate the personal equation, the sky- 
had become overcast, and a derangement of the tine prevented a prosecation. 
of the work. The meteorological observations of the Great St. Bernard, com- 
pared with those of Geneva, have long been a subject of investigation, but sue- 
cessive improvements in the systemB and proceBseB of observation bad rendered 
desirable a comparison after the lapse of the last twenty years. This has been 
undertaken by M. Plantamour in a first memoir relative to St. Bernard, pub- 
lished in the Bibliothegw VnivmeUe, January. 1862, under the title of Kotet 
on the periodical variation* of temperatitTe and atmoipkeric prature at Iht' 
Great St. Bernard. 

A memoir by M. Ch. Martins, on the increase of temperatnre dnring the nighfe. 
above the surface of the earth to a certain height, has given occasion to BL. 
Marcet, who had been previously occupied with this subject, to make new ex- 
periments. They have confirmed certain differences which he had. renuurked. 
between his own facts and those observed by M. Martins at Montpellier. A. 
new series of observations was undertaken by M, Marcet with the view of 
determining whether the dccreaBe of temperature exists above en aqueous snr- 
face of great extent. He ascertained that the phenomenon does not occur above 
water, and that it is even scarcely sensible in the immediate neighborhood of 
-a large liquid surface, so that in effect there is, at the moment of the setting 
of the sun, a difference of from 2° to 3° between the temperature at a certain 
height above the land and above the water. The memoir of M. Marcet was- 
jiut^iehed in the Bibliolieque UnivertelU, November, 1861. 

M. Soret has visited the glacier of Shafloch, which H. Thnry had examined, 
the year before, and remarked the aureola structure previously noticed. He 
observed, moreover, that the entire surface of the ice was covered witli small 
Btrite nearly parallel in each aureola, but not having the same direction in the 
different fragments. These small strite, which were also obserrecl by M. Soret 

* Af<ininFC« dt FInatitm Getutott, in quarto, vol. vuu 
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ID some parts, of the ice of tlie glaciers, might be compared, u regards appeof 
ance nod size, to those preseated hy the Ain at the eztremitr of the fingen.- 

Tlie river Orbe, from obeervatione of U. Ghaiz, has DOt the same tempem^ 
tnre with tbe lake of Ureneta; the lake ehowing, Joly 4, 1861, 18° at anther 
shallow poiut, and the Orbc 11° at the point of its iaine. This is attributed 
b; M. Ghaii: to fonr afflaeate, vitb a temperatnre of about 6^ decrees. 

General Dufour brought to the notice of thq Society operatioDe in progren 
on the territuTy of Switzerland for the measurement of an arc of the BMiMian 
directed from northern GenDany towards Italy. 

M. Ueori He Saussure exhibited a chart of the environs of Mexico, drnni 
&om observations of his own combined with former maps. 

OCOLOOY ANU PALBONTOLOOY. 

Several geological charts in conree of publication b&ve been commankated 
to us. One of them is the topographical chart of the canton of Vaud, on a 
scale of is^Tui which the government of that canton has ordered, and tbe 
coloring of which on geological principles has been committed to H. Renevier. 
Another relating to the geology of Savoy has long occupied the attention of 
U. A. Favre, who favonm us with a view of the topographical chart wbioh is 
to serve him as a base, as well as a chart of the environs of Mont Blaac, gao- 
lo^'cally colored by hand. An account wati given as by the same member ef 
the meeting, last year, of the Geological Society of France, in Savoy, and af 
the researches of M. Ucer on the climate and vegetation of the tertiary epoch, 
A subject which has also been discusBcd hy one of onr own members in tbe 
Bthliotkcque UniverteUf.* "We are further indebted to M. Favre for a view of 
certain pktes designed to popularize the ideas and facts of geology and physi- 
cal geography among the English people. ,Among communications relating to 
the pursuits of different savauts, £ must not forget an interesting account by 
Dr. Claparade.t of observations made in Sweden and Norway, on the succes- 
sion of levels in the Scandinavian peninsula, and on the cmstacea discovered 
at the bottom of lakes, after existence had been predicted ; the lakes having 
been heretofore in communication with the sea, and being even below it. Theae 
crmttacea have been found to be analogues of, or aimilar to, species existing 
further north in the polar seas. 

The mountain of Salttve, explored by Deluc, De Saussure, Necker, Alph. 
Favre, and so many other geologists, and which Is known among the Gcneveee 
aa " tht mountain," so great is the partiality with which they regard it — ibis 
mountain has in the course of the year been tbe scene of unexpected discoveries 
and observations. 

lu their casual walks, MM. Grassct, Ghomel, and Revon bad observed four 
caverns situated above the village of Coin, and had brought away some bones 
and fragments of pottery, which seem to belong to the epoch called the age of 
bronze. Professor Thory, on this discovery, caused cxcavadons to be made in 
one of these grottoes, and found, at the depth of half a metre, the remains of a 
fireplace or hearth, with tracks leading to it. Uc supposes that some of the an- 
cient inhabitants sought refuge in these caverns, to escape the consequences of 
an invasion; and be pniposeslo prosecute bis researches to more decisive results. 
It ia the position of Sal^ve, however, which is perhaps the most extraordinary 
feature of the mountain. It shuts in our valley with a lofty calcareous ram 
part, forming a natural limit, which the policy of states has alone refused U 
recognize. M. Favre has determined the cause of this abnormal positjon. 
Saldve stands in the cootinuatiou of a great anticlinal line— that ia, of a line of 



• H. Alph. de Cukdolle, Mctj, I30». 



PHT8I08 AN» NATUBiX HISTOBT OF GENEVA. 277 

dUocBtitm Mid plintmaU, distingniBhable from the backs of the lear, in Bava- 
ris) as far as LansauiM, and continued, according to M. Favre, hy the iiplandB 
of BoisT, in Oh^laia, and by Moont Sal&ve. 'Ibe direction of these points is 
is B light line, as H. Favre has shown on a geological chart of Switzerland. 
TfasB Uia nwlasse Iiaa been cleft thnrnghoot this whole line, and the subjacent 
jarassic limestone been lifted up— at no point, however, bo high as on the eite 
of SaU^e. 

One of the Last exctirsions of ii. Favre was around Mont Blanc, in which 
he especially examined the Bos-Valais, and found at Moot Ghemin, near Mar* 
tipi^, belenmites pertaining to the lias, which are found above the cargneale 
representing the lias. He found on the mountain of Maya, near the col Ferret, 
echini and fr^menlB of the branches of enoriaites which characterizi: the up- 
per Jurassic formation. The deposits in question are at about 6fty feet tVom 
granitic rocks of Kont Blanc, and are covered by considerable masses of crys- 
talline limestone. 

Professor F. J. Pietet read a memoir on the unrolled ammonites of cretaceons 
formations. Till now these fossils have been found only in fragmeats^, and it 
irsB easy to attribute to two distinct kinds, portions of the aame animal. The 
anther has pointed out many similar en-ors, which he has been enabled to cor- 
rect by means of more complete specimens This memoir will fonn part of 
M. Pictet's work on Swiss paleontology. In a note on tbe paraiUliam of the 
middle and upper eretaceoHM faimtu, M. Pietet has aimed to show that the dis- 
tinction made by Orbtgny, of eight cretaceous sLigea, although holding good na 
te large tracts, ib insufficient for the study of details and of the succession of 
faunas. He compares the middle and lower stages of the Swiss Jura, the north- 
WMt of Germany and the south of France, and confirms the observation of M. 
Lory that the neocomian faunas differed according to their geographical posi- 
tion. Not that they have varied uniformly over their whole extent. By the 
aide of numerous ^alogies we see local differences which evince either migra- 
tians or different, although simult4Uieons, pbysicai influences. In the discus- 
sion which ensued upon the reading of U. Pictet's memoir, some difficult ques- 
tions of science were broached. Among other things, the proximity, sometimes 
considerable, of analogous formations furnished with difierent fossils, was spoken 
of, and facts of tbe same nature were pointed out by M. Glaparede in the dis- 
tribution of existing faunas, according to the depth of closely neighboring arms 
of the sea. 

The curious discoveries of M. Lartet, tending to prove the antiquity of the 

Sresenco of man in western Europe, were the subject of communicatious from 
[. Pietet, which he has published in the Btbliotheque XJniverwlle for 1861. 
i"'rofesBor Thnry stated bis objections to the opinions of M. Marlot on thn 
time occapied in the formation of the cone of Tinere, at the east extremity of 
Lake Leman. He has attentively explored the valley whence proceeds the det- 
ritus borne towards the lake, and he does not think that it can have furnished 
materials with the regularity supposed. On the contrary, it appeared to him 
that the quantity of material removed from the surface must have frequently 
varied. 



M. Pietet exhibited moulds from two skulls of gorillas, whose diversity is 
sufficiently great to induce a anspicinn of the existence of two distinct species. 
Dr. Dor presented important memoirs on vision, as well in man as in certain 
classes ot animals. The author attributes myopy (short-sigh tedftess^ to a too 
gr«at length of tbe axis of the eye, while tbe oppo.^'ite imperfection (nypcrme- 
tropy) results from too short an axis. He has found betwceu a myopic and a 
hypermetropic eye a difference of as much as fourteen millimetres in the length 
of the optic axis. M. Dor carefully distinguishes the effect of age on the 



278 PaOCEEDINOS OF THE SOCIETT OP 

Mtsommodation and refraction of the eye. In a Bobseqaent memair he hu 
reviewed the opinktiu of 1/L. Donden oc aadgmatum or irregulKritiea i^ [flAtW' 
tion in tho larger circles of the eye, an irr^ularity which always exiats, isote 
or lesH, but which in some caees may considerably alter the vision. The irre^ 
ttlar curvature of the cornea is ordinarily the canse of it, bat that ot vhe ery»- 
t^line also exists, and the result is that cylindrical glriMfii of diffisrciiit focal 
power may be eli^bly employed. Numerous details are entered into rupeet- 
mg the effects of astigmatiam and die proper means for ascertaining the eaMC, 
as well as supplying a remedy by a judicious choice of glasses. 
' The composite eyes of arthropods form the subject of a fecial memoir by 
H. Dor, printed in the BMiotiegue UmtterteUe for December, 1861. In thu 
the author, after reviewing the omnions propounded by anatomists, ^^es an 
account of direct experiments made by himself on the tnnsmission of images 
throngh ihe cornea of sundry inecets, and arrives at the ecxiclusion that every' 
&cet of the composite eye is analogous to the single eye of one of the vecto- 
brata — the cupniiform envelope being analogoos to the retina. 

U. Claparede read a memoir on the oligochetoos worms of Ate environs of 
Qeneva. These animals, having until now been little studied, have conse- 
onently presented a great number of new species and even new genetik 
Figures delineated by the author make ub acquainted with some of them, but 
his chief object has been to describe the singular modificationB of the repro' 
ductive apparatus. This apparatus, analogous to that of certain aunelidd 
(Pachydnlus) previously described by our author, shows that the excretocy 
organ of the segments becomea now a vas deferens and an oviduct, and now a 
receptacle of the semen. The oligochetn live in fresh water, but as marine ani> 
mab always offer a wider field to the reecarcbes of soologists, our learned seo- 
retary hna aot failed to visit, aa often as circumstances would permit, the sliorea 
of tho ocean. A sojourn in Normandy has enabled him to study the Turbd- 
laria and the Tabularia, whose devetiipment and mode of reproduction offered 
him Mime remarkable peculinntieB. As one of the fruits of this excursion, be 
has designed a seriea of plntes relative to the embryology of marine worma, 
which were exhibited to this Society. Dr. W. Marcet communicated to as 
from London the result of some observations which he has been making on the 
gastric juice of the dog. When this juice is secreted Under the influence of 
cartilaginous bones, it contains a peculiar snbstance analogous to the peptono 
of Lehmann. 

BOTANY, 

Professor Uarcct presented an analysis of the labors of U. Daubeny on the 
absorption of diffurcut substances, particularly poisonous ones, by the roots of 
plants, (Biblioth. Unto. Archie. &., February, 1862.) M. Thury, who boa 
been for some time occupied with a treatise on vegetable pLysiology, recapitu- 
lated the experimcuts of divers authors on the transpiration of vegetables ; he 
has repeatea many of them, and among other results has satisfied himself that 
the phenomenon, as had been asserted, continues when the plant is placed in 
water. 

It has been said that the egret or tuft of the compoeitee is often separated 
fiwrn the body of the grain, and hence docs not favor the diasemioation, as had 
been supposed. M. Thury, having observed on one of the summits of the 
Jura la^ quantities of the grains of the Cirimm transported thither by the 
winds, ascertained that three out of thirty still bore the eeeds with them. The 
compiler of the present report, being in hiibila of correspondence with divers 
travellers, communicated interesting IctlerB from M, Sagot on the flora of 
Guiana, and of M. Welwitach on the vegi^tntion of the high country of Huilla, 
in the interior of aouthwestera Africa, ('£iWto(A. Uiiiv.,3»\j, 1861.) M.Duhy 
gave an account of a memou- published by M. Bail on an hypoxybn which 
propagates its mycelium in the interior rf aged trunks of trees. 
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' U. J. HdRei^ of the eaaton of Awgaa, presented ttn impottant memoir oa 
Iba cbMifioadoD of licbeiu and oa the apeeiea of tbe environa of Geneva. 
The total namber of our lie^ns exceeds AOO, which the author eaumeratea 
SKd gives the description of 20 new epeciee. The principles of claseiBcadon 
ado[^ed by il. Hiiller are analyzed and devetoped in tbe forthcoming rolame 
of onr Hemoin. There can he no doubt that it will attract the attention of 
liehenogTaphcrst seeinr that iMia bmnoh of boOany baa fiillen into singular con- 
teiioa reetuting finm tko multiplicity of new charaeters and oovtA ideas intro- 
duced into it. 

Local botany and descriptive botany scarcely adapt themselves to public 
kctures; our aessions. therefore, give but an inexact idea of the re«earcfaeB of 
aeveial of our aasociatea in theee two departments of the science. I shall 
eontent myself with mentioning that U. Renter has published in tbe conrse of 
the yeax a second and amch aogmented edition of his CaCalogite of vasat/ar 
fioMt* of the MeirMM of Oentea, and U. Boisaier «i important monograph of 
tbe tribe of the S»f>korfna, in the fifteenth volume of the Prodromos. 

Db Oandullb Pbiss. — The qnini^nennial prize, founded by A. Pyramoa de 
Oandolle, for the best monograph of a genus or family of plants, has this year 
claimed the attention of tbe Society. Oontrary to what has heretofore oc- 
enrred, onr own countrymen have not entered into the competition for it. Two 
nemoira have been received. One of theee was from M. de Bunge, professor 
in the University of Dorpat, on the Anabasete, a tribe of tbe Salsolaceie or 
Ohenopodiacen. The aatnor having explored tbe shores of the Caspian sea 
and the intwior of Pereia, has there diaoovered aeveml species of these plants, 
and the affliianee of the materials at his diepoaal has enabled him to compile a 
Teiy complete monograph. He has enlarged the number of genera from 
twelve to sixteen, while that of species coutinnea to be aixty, notwitbetanding 
the assignment of fourteen new species. Four charla or tables added to the 
text indicate the geographical distribution and relative affinities of the genera. 
The descriptions, givea in Latin, are greatly developed. The second memoir 
was {torn U. Bayer, inspector in chief of tbe Austrian railroads. The author 
treats of tbe genua TUia, in relation principally to the numerous modifications 
of specific forms. Ho has tried a new system of notation, by letters, to ex- 
press the varieties and subvarieties, each letter indicating a certain modification 
of character. This original idea deserves attention nnder a practical point of 
view. It is difficult to determine whether it wonid adapt itself to more nu- 
merous genera and to modifications of very difierent value which exist in cer- 
tain groups. The jory which you nominated to decide between the com- 
petitors was struck with the value of the two memoirs submitted to them, 
both eeeming to deserve high approbation ; yet as there was but a single pre- 
minm to award, it was consideied that the monograph of M. de Bunge possessed 
superior claims on account of the number of species studied, the difficnlly of ^ 
the analysis, and variety of qnestions examined. The Imperial Academy of 
St. Petersbnrg, to which the anthor belongs, has equally appreciated the im- 
portance of Us work, aad directed it to he inserted in ita memoira. 

"PBKSONNBL" OP TUB SOCIBTY. 

Since the last report our regrets have followed to the grave three of our col- 
leagues : MM. Elie Ritter, L. A. Necker de Saueaure, and Louis T. F. Col- 
ladon. The first, one of the most active and efficient members of the Society, 
fulfilled, for sixteen years, the exacting Aincdons of secretary. Wbeu he re- 
signed that office it was not with a view to withdraw himself from the claims 
of science and of our association ; on the contrary, he ceased not to fitmieb his 
regular tribute of memoirs and communications on tbe most varied subjects. 
His treatise on the mathematical theory of muaic, of which I have previously . 
spoken, but a little preceded hii death, which occurred Uarch 17^ 1863. in the 
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6lBt jttLt of his age. Devoted by choice to the career of iastractioD, he had 
been regent of the college in tbe department of mathematics, and was pria* 
cipal of the Bemiaary for young females since 1855. He was thus led to tbe 
publication of elementary i/orks, which bare paseed throagb aeyeral editioDs; 
but his views were always raised to the higher regions of science, and the list 
of bia works fumiBhcs abundant proof that he maintained himself oa no infe- 
rior level in mathematics as well as astronomy and physics. 

The two others whom I have named were emeriti of tbe Society. Lonia A. 
Xeckcr de Saussnre, bom April 10, 1786, felt the inflnence though he did not 
enjoy the personal instnictions of his distingaished grandfather, Uoraoe-Bene- 
dict de SausBore. Tbe school of that great geologist bad already evinced ita 
influence in the exact experiments of Theodore the uncle, and in the JMiciom 
observations, though different in nature, of Ume. Neclier de Sanssure, moti 



as, though different in nature, of Ume. Neclier de Sanssure, motbcr 
of tbe subject of this notice. Nor did he himself delay in giving proof of the 
hereditary turn for science, his first publication, on the migration of birds, hav- 
ing been prepared at the age of 19 years. Still later he communicated, for the 
memoiTB of our Society, a highly interesting enumeration of the birds of the 
environs of Geneva, a paper filled with well-observed &cts, and attractive eves 
to readers nnacijnaint^ with ornithology. After completing his studies at 
Edinbui^, in 1607, a period at which he conld scarcely escape the infloencee 
of the conflict which then prevailed between the partisans of Hutton and Wer- 
ner, he travelled in Scotland as far sb the Hebrides, and fonbed a taste for tbe 
wild scenery and hospitable society of that country which evinced its force at 
a much later period oT his life. On bis return to Geneva, he gave to the pub- 
lic in three volumes an account of his excursion to the Hebrides, which were 
then but little visited, and while avwling himself of tbe great variety of objects 
to odd a more popnlat charm to his work, &ils not to give prooft of a spirit 
kindred to that of^the author of the Voyage datu let Alpet. in his memoir on 
the Valley of Valorsine, published in 18<!8, which I regard as one of the best 
of his works, be still occupies tbe same field of study and of ideas with his 
celebrated ancestor, while in tbe later work Etude* Geotogique* dam let Alpet, 
(1341,) he rather attaches himself, by tbe nature of bis observatiouB, to the 
modern school of Constant Frevost and Sir Charles Lyeil. In this latter work, 
which was the first of the numerous series published by pur cotemporariea on 
the more modem stratifications of onr valley, the envirooB of Geneva are inveed- 
gated, in view of the influence of existing causes, with especial care. Sharing 
the prevalent enthnsiasm at the period of the Restoration, Louis Necker, for a 
while, bore arms ; but tbe tendencies subsequently developed had separated him, 
since 1832, from all poUtical afiairs. In 1810 he bad been appointed profeesor 
of geology and miuerology in the Academy of Geneva, and made his zeal par- 
ticularly conspicnone in the admiuistilation of the Museum, to which, in con 
innction with MM. de Candolle, Deluc and Mayor, he contributed a eeriee of 
leesous in zoology, for the benefit of that rising establishment. The best of 
his instructions, however, were his conversation and example, while traversing 
the monntaiuB with a compaoy of pupils. In 1823 De Candolle and he con- 
ducted an excureion for the purpose of study into the CbabloiB, and if the twelve 
young men who had the advantage of followmg them did not became natarol- 
ists or geologiatH, it was aasuredly not the fault of their professors. On these 
occasions Necker poBsessed a gaiety truly inspiriting; nor were his accuracy 
of vision and method of observing lesa noticeable. After returning from Scot- 
land, he bad traversed the interior of France, a part of Italy, tbe western and 
also the eastern Alps, having made excursions of great interest into Styria and 
Gamlola, his explorations on the hanks of Lake Leman were incessant. With 
a view to the recovery of his somewhat exhausted strength, he again passed, 
in 18S0, into Scotland, and the equal and humid climate of that cojintry being 
found to agree with a too susceptible nervous system, led him to fix his residence 
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defiQitively in tbe remote island of Skye, on the western coasts of the kingdom. 
This man of cultivated mind and social qualities, cherislied by a large circle of 
relatives and friends, deeply attached to Genev^and after Geneva preferring 
Edinburg, where he bad Been happy in his yoath\iassed the last twenty years 
of his life in a profound solitnde at Portree, a small hamlet of fishermen, on an 
island covered with mists aud half desert I Uis health and temperament ac- 
commodated themselves to the situation. He still indulged his studious tastes. 
He observed whatever can be observed at Skye ; tbn barometer, the thermome- 
ter, the opening of the scanty flowers, the arrival of migratory birds. Thanks 
to hie meteorological observations, he coald foretell tempests, and the humble in- 
habitants of Portree, whose lives are often exposed at eea, consulted this learned 
sttaufar whh the white beard with a respect not unmingled, we may suppose, 
with some superstitious misgivings. Walter Scott would have certainly made 
him the hero of some romance. 

Nccker died at Portree, November SO, 1861. He had long before presented 
his collections in natural history to the Museum of Geneva, and 1 am now 
charged, by his nephew, M, Theodore Necker, with the acceptable duty of of- 
fering to tliia Society the notes taken during the last years of his life in Scot- 
land, in order that examination may be made whether they contain anything 
from which advantage may be derived to science. 

The third of oar number whom we have lost, Louis T. T. Golladon, was bom 
at Geneva, Auepist 25, 1792. Having proceeded, sfler the usual preliminary 
education, to Montpellier, he was there kindly received by A. Pyramus de Gan- 
dolle, who admitted him into a smalt part^ of special pupils, destined by the 
professor to the cultivation of botany. Under tnie influence and instruction, 
the proficiency of Golladon was evinced by the prodnction of an esteemed mono- 
grapli OQ the genus Ctuiia. Having graduated in medicine, he repaired to Paris, 
where his success in practice was satisfactory. That he carried both zeal and 
conscientiousness into his profession was shown by the courage and humanity 
with which, after having already retired from practice, he devoted himself to 
the care of the sick durmg the fearful cholera of 1832. Our colleague pub- 
lished an account of a descent into the sea in a diving-bell, (1816,) and a trea- 
tise, translated from the Euglish, on deformities of the spinal column and the 
means of remedy, (lg26.) 

Among associates at large, (aiioeiei libret,} we have to deplore the recent 
loss of M. Charles Pictet, a young magistrate who would have rendered good 
service to his country. A diatinguiebcd talent for design often enabled his 
brother, U. Fictct de la Rive, to employ the resources of his pencil for objects 
of natural history. 

The Society has recruited its ranks with two regular members, M. Alois Hum- 
bert, keeper of the Museum of Natural History, and M. Millter, author of several 
works on botany. At this time we Dumber 36 regular members, 3 emeriti, 61 
honoraries, and 35 assodates at lai^. Our sessions have been well attended; 
the collection of memoirs increases each year by half a volume; scientiGc zeal 
seems in nowise diminished ; we can therefore, I think, felicitate onrselvea on 
the progress ttf the Society, and with satisfaction observe its entrance upon a 
new year. 
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OH THE (fRASIA HELVETICA- 



BY FBBDBBICE TBOYON. 



To tie Secretary of the SmilAtonittm LutUttitm; 

SiB: I takfl tha eorlieflt opportunity of acknowledgiog, with many Uusks, 
the receipt of the pnbliBationa which yoo have been to kind u to scud me oa 
the part of the Smithaoninn Inetitntion, namely : 

Smithsonian Report, 1862. 

Ancient Mining od the Shores of Lake Bnperior. 

Dictionary of the Chinook Jargon. 

Comparative Vocabulary. 

Instmctions relative to Ethnology and Philolo^. 

Annoal Report of the Kueenm of Comparative ZoSlt^y. 

Proceedings of the American Philosophical Society, Nos. 69. 70. 
I propoK Booa to send yon the new edition of my work on LocnstriaD babf- 
tations. Doping thai the copied which I offer will be accepted, not as a reqnital 
for your fiivors, bat as a s&gbt testimonial of my thanks and my high esteem. 



I know not whether yon already possess the work which HU. Rntimcyer 
imd His, professors of anatomy at Basle, have recentlv published on the Gramia 
•Heieelica, However this may he, I am persuaded that you will not regard aa 
inopportane a few observations on the suSject of that interesting pubUcatiou. 

The authors distinguish, in reference as welt to ancient as modem times, 
four different typee of human skulls, which they deeignate from the names of 
the localities where the beat specimens have occurred, in order not to prgudge 
resulta or historic qneetions. These types are those of Sinn, in the Valais; of 
Hohtterg, in the canton of Soleare ; of Bel-Air, in the canton of Vand; and of 
Disentia, in the.Grisons. The following are the figures of these four types re- 
duced to the fourth of their natural eise : 

L— Sioii TrPE. 
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CSAVU HXLTXTICA. 

n.— HOBBEEO TVFI. 





17.— BtL-im To*. 



IT.— Duxma Ttml 




The basis, upon which these diSerent typee aie fonnded mnst be sooght in 
die Cranui Helvetica. I will only add that it is to the age of iron in Switzerhtnd, 
i e.> to the five or six centnries which preceded the Ghrietian era, the SJon tvpe 
(I) is to be referred. The Hohbetv tvpe (II) auswera to the Bmuut period, or 
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tbe first four centorieB of oar era. The type Bel-Air (III) only makee its ap- 
pearance in the tombs of the Meroviii^an period ; and the type Disentis, (IV,) 
which is the moat widdy ipread in the Switzerland of modern timea, wi%s like- 
wiae that of the age of stone in ancient Helretia. There is a very similar ^pe 
foand in the moat ancient tombs of the Scandinavian conntries ; bnt according 
to a late commnnicatiou which I haye receivod from Baron Von Dabei, pro- 
feaoor at Stockholm, the Sion type also exiBted in Sweden in the age of Btfna. 
A considerable number of the many akollB, whose figures are given by HH. 
His and Butimeyer, form part of my own collection, and of these I have de- 
rived some very remarkable specimens from an extensive cemeteiy, sitanted at 
my country eeat of Bel-Air, near Laiuanne, which I have been exploring for 
several years. It was in this cemetery that I found the annexed eknil, (V.) tho 
only one of its kind, and in some respects like those of the andent Peruvians ; 
bnt this having been already published on more than one occasion, I shall ab- 
stain here from any comments in regard to it, in order to draw yonr attention 
to an ohservadoD of a more general nature. 




The tombs of Bel- Air, superposed in three snccessive layers underground, 
pertain to the period which elapsed from the fall of Rome to Charlemagne. I 
haveexplored since 1838, in the canton de Vand, agreat number of ccmeterios of 
the same period, and notwithstanding the variety of skulls that are found of the 
same epoch, I observe that tho prevailing type in these sepulchres ia of an 
dongnted form, whose anterior development is in general very slight. This ob- 
servation ia of interest in view of the fact that these tombs contain the remains 
of the true nnceatora of the present population of the canton de Vaad, and that 
the general form of the skulls of tliis country presents, in modem times, ieM 
posterior devdopment and a more rounded outline — a form, therefore, more ad- 
vantageous in an intellectoal point of view. Wo have here, then, a popuIalioB 
in which we may remark that, no t withstand mg the persistence of certain types, 
civilization lias had for its result a sensible modification of the enccpholon inan 
ascending scale, a direction in which progression ia always much slower than in 
the opposite one of degradation. 

Permit me, sir, with this remark, to renew to yon tho expression of my most 
distinguished consideration. 

FRED. TROYON. 

X.AUSANNE, Noeemoer 10, 1864. 
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§ECOIfO SEB1E8. 

(OOiminiBD FROM PAOB 985, SMITUBOKIAN REPORT FOX 1863.) 

Applieatunt of the propertiet of liquid cylinden : theory of ike contlitution o/* 
liquid vein$ emitted Jrom circvlar apOrttire*. 

69. Let ofl DOW pass to the »pplicAtion which we have announced of most of 
the foregoing facte and laws. 

Let us consider n liqaid vein flowing freely by the ac^on of ^rarity from a 
circular orifice perforating the thin wall of the horizontal bottom of a veseel. 
The molecules of the liqnid within the reesel, which flow from all eides towards 
the orifice, as we know, still retain, immediately after their exit, directions 
which ire oblique to the plnne of this orifice ; whence there iiS produced a rapid 
constriction of the vein, conunenoing at the orifice and extending as far as a 
horizontal Bcction, which has been improperly denonflnated the contracted sec- 
tion. When the molecules have arrived at this section, which is very near the 
orifice, they ail tend to assume a common vertical durection, with a velocity cor- 
responding to the height of the liquid in the vessel; and they are, moreover, 
umcd in this direction by their individual gravity. Hence, supposing the orifice 
tol>e circular, the vein commencing at the contracted section tends to form an 
almost perfect cylinder, of any length ; but this form is modified, as we now 
know, by the ncceleration which gravity imparts to the velocity of the liqnid, 
and the diameter of the vein, instead of being everywhero the same, decreases 
more or less in proportion as we recede from the contracted section. 

If the causes which we have detailed were alone in action, the vein would 
appear simply more and more atteunated in proportion as it is considered more 
distant from the contracted section, without losing either its limpidity or its 
continuity. Bnt it resnlts from our experiments, that a liqnid ngnre of this 
kind, the form of which approximates to that of a very elongated cylinder, 
most become transfbrmed into a series of isolated spheres, the centres of whii^ 
are arranged upon the axis of the figure. In fact, we have here a liqnid sub- 
mitted to the action of gravity ; but it is evident that during the free descent 
of a liqnid, gravity no longer presents any obstacle to the play of the mole- 
colar attractions, and that the latter must then exert the same confignring 
actions upon the ma-is as if this mass were free from gravity and in a state of 
rest] this is the mrinner in which, for instance, drops of rain, during their fall, 
acquire the spherical form. But, for the preceding conclnsion to be perfectly 
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rigoranB, it would be reqniute for all parts of tie nuua to be octoated by tbs 
same velocity, whicb is not tbe caee mtb the vein ; we can, however, onder- 
•tasd, that, although this difference may be capable of prodadng some modifi- 
cation b in the pbenomeaon, it cannot prevent its prodnction. 

The liquid of tbe vein, therefore, daring its movement mast necesearily 
gTBdually fonn a aeries of isolated spberea. But as this liquid is conataotly 
being renewed, the phenomenon of transformation must also continue to be 
renewed. In tbe second place, as each portion of tlie liquid begins to be snb- 
jected to tbe configuring forces as soon as it forma a part of the imperfect 
cylinder which the vein tends to form, i, e., from the moment at which it passea 
the contracted aection, and aubeeqnently remaina during its course onder tlia 
Gontinned action of these forces, it is evident that each of the divUum* of the 
vein most be^n to be formed at tbe contracted section and to descend, con- 
veyed by tbe movement of traBsference of the liquid, modifying itself by de- 
gieee so as to arrive n the etato of an isolated spbera. Hence it follows that, 
at any given instant, the divisions of tbe vein most exist in a more advanced 
phase of transfonoation in proportion as they are considered at a greater dis- 
tance from the contracted aectioD, at least as for as that at which tbe transform- 
ation into apheTCB is completely effected. From the oriSce to the distance 
where the separation of the masses occora, the vein must evidwitly be contina- 
ona ; but at a greater distance, tbe portions of liquid which pass must be iso- 
lated from each other. 

If, then, tbe movements of the liquid, both that of translation and that of 
tnuwformatioo, were sufficiently alow to allow of our following them with o«c 
eyea, the vein would appear to he formed of two distinctparta, tbe one superior 
and continnouB, the other inferior and discontinuous. Xlie snrfitce of the far- 
mer would present a aeries of dilatatiouB and constrictions, which would descend 
with tlie liquid, becoming conatantly renewed after passing tbo contracted seic- 
tion, and which, although very feebly indjonted at their origin near this section, 
would become more and more marked during their movement of transference, 
tfce dilatations becoming more prominent and tbe constrictions narrower: theae 
divisions of the vein arriving one after the other, in their greatest development. 
at the lower extremity of the continnons part, would be seen to become detached 
from it, and immediately to complete th^ assumption of the spherical fomu 
Moreover, the separation of each of these masses would necessarily be pre- 
ceded by the formation of a line whidi would resolve itself into spheruleB of 
different diameters, so that each isolated sphere would be aneoeeded by similar 
Bpberulcs. The discotttinnons part of tbe vein would then be seen to eon- 
Bnat of isolated apherea of the same size, and of equal apherulca arranged in 
the inlervals of tne former, both of them being conveyed by tbe mov^nent of 
translation, and being unceasingly renewed at the extremity of the continnoas 
part. 

Now Savart's beostiftil investigationB* have taught us that this Is, in &ct. 
the nal constitution of the vein ; except that under ordinary circomatances on 
extraneous cause, which was also pointed out by Savart, more or less modifies 
the form of the divisions of the continuous part, and alters the sphericity of 
the isolated masses composing the discontinuous part ; but Savut has given 
die means of exclnding this inflnence, of which we ahall apeak hereafter. 

70. 'Horn A8 the movement of transference is too rapid to allow of the phe- 
nomena which are produced in tbe vein being rec(^;nised by direct obaervation, 
certain peculiar appearances ought to be the result of this. We most remembw 
here, that when a liquid cylinder becomes resolved into spheres, the rapidity 
with which the tronaformacion takes place is accelerated, and couBcqaraitly at 
tbe commencement is extremely small. In oonsequenco, then, of this original 
minulenesB and of the velocity of the movement of tnvosference in the veib 
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the effftctfl of the gradual tnuulbnn&tton cannot begin to become obvious nntil 
a greater or leee distance from the contracted eeetioi) hu been attained. Up 
to this diBtance the r^iid puaage of the dilatetiouB and constrictiona bnfore tlie 
eye cannot give rise to any efiect visible to the simple eight ; so that this por- 
tion of the vein will mpear in the form wbioh it woold affect if it had no ten- 
i^Qcj to become dividea. Beyond this distance the dilatations will begin to 
■eqnire coneiderBble development ; the vein will appear to continue enlorgpng 
imtil another dietanee has Men attained beyond which the diameter will appear 
conBt«nt Bach is, in fact, as the observations of Savart have shown, the form 
presented to direct observation hy a vein withdrawn from the inflnence of any 
dlftturbing cause. 

Lastly, we know that from the orifice to the point at which ,it appears to 
b^n to enlarge, the vein ia seen to be limpid, whilst fbrthor on it appeara 
more or less tnrbid; and Savart has perfectly explained these two fli^^'cnt 
aspects, as also some other cnriooB appearances which the troubled part pre- 
senta, by attributing die limpidity of the upper portion to the alight develop- 
ment of dilatations and conetrictiona which are propagated in it ; and the tui* 
bi^ity, as also the other appearances of the remainder of the veini to the rapid 

Cage before the eye, at firat of the dilatations and conatrictions which have 
me more marked, tiien, lower down, of the isolated ^herea and the inter- 
posed sphcrulea. We must refer for the details to the memoir quoted above. 

71. But we may go further : two consequences spring directly from our 
explanation of the constitotim of the vein. In the firat pUoe, as the diviaions 
become traaeformed during Uieir descent, it is clear that the space travened 
by a division during the time it is efiecting a given part of its transformation 
will be as much greater as it deecenda more rapidly, or, in other words, aa the 
obai^, 1. e., the height of the liquid in the vessel, is more oonaiderable ; whence 
it follows clearly that, the orifice being the eame, the length of the continuous 
■MTt of the vein must increase with the charge. Now this has been confirmed 
by Savart's observations. In the second place, since the transformation of a 
cylinder ia slower in proportion to the aize rf its diameter, the time whi^-h a 
division of the vein will occupy in effecting any one and the same part of its 
transformation will be as much longer as the vein ia thicker ; whence it fol- 
lowa, that if the rapidity of the flow doea not change, the space which the 
division will traverse during this time will be es much greater as the diameter 
of the orifice is greater; consequently, for the aams charge, the length of the 
continaoos part must increase with the diameter of the orifice, and tnis is aim 
verified by the obaervations detailed in the memoir quoted. 

With regard to the lawa which regulate these variationa in the length of tbo 
continiions part, Savart deducea from his obaervations, which were made by 
eiDploying veioa of water, that for the same orifice this length is nearly pro- 
portional to the square root of the chai^. and that for the some charge it is 
neariy in proportion to the diameter of the orifice. 

Let ns now 'examine whether tfacM two laws also emanate frtim our explana- 
tion. 

72. Imagine for a moment that gravity ceases to act upon the liquid as soon 
at the latter passes the contracted section. Then, commencing at this section, 
the rtmidiiy of translation will simply be that which ia due to the charge, and 
tiie veJne of which, as we know, is Vi^, g denoting gravity and h the charge. 
This velocity will be nnifiMm ; consequently, if the vein bad no tendency to 
divide, it wonld remiun exactly cylindricoJ tfaronghont any extent, ($69.) Now, 
all parte of the liqnid being actuated by the same velocity of transference, tbii 
oommou movement cannot exert any influence upon the effect of the configur- 
ing actions ; so that, for instance, the gradual modifications which each of the 
constrictions undergoes, and the time which it takes in their occomplishiiieDti 
will be independent of the rapidity of transference. /^ • . . .1 , 
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Tbie admitted, let db coDsider the infinitel; thin section which conttitDlefl 
the neck of n constriction at the moment at which it quits the contracted sec- 
tion. This section will descend with a constant velocity, and at the same time 
its diameter will continaallj' diminish nntil the constriction to which it tielongs 
becomes transformed into a tine, and then the sectioo in qnestion will occupy 
the middle of this line ; the line will become disunited, to be converted into 
spherules. As we have shown above, the time employed In the accomplish- 
ment of these phenomena, and duricjg which the liquid section we have con- 
sidered has traversed the distance comprised between the contracted section 
and the place which the middle of the line occupies at the precise instant of 
rupture, is independent of the velocity of transference ; conseqnently, if the 
diameter of the orifice does not change, this time will be constant, whatever 
may be the cbaige. Now, when the movement is uniform, the space traversed 
during a determinate time being in proportion to the velocity, the above dis- 
tance will be in proportion to -Z^, conseoaeatly to i/h. As we shall fre- 
quently have occasion to make use of this distance, we shall represent it, for 
Uie sake of brevity, by D. 

Now, it is easily understood that in our vein the length of the continnons 
part does not differ sensibly from the distance D. In foct, the continuous part 
terminates at the exact place at which, in each line, the most elevated of the 
points of rupture of the latter is produced ; for at the instant at which the rap- 
tnre takes place, the phases of transformation of all that portion which is above 
the unit in question are less advanced, (§ 69,) and therefore it still possesses 
continuity, whilst all that below this point is necessarily already discontinuous. 
Thus, on the oue hand, the continooas part of the vein commences at the ori- 
fice and terminates at the place at which the most elevated point of rupture 
of each filament is prodnccd ; and, on the other hind, the distance D c«»n- 
meoces at the contracted section, and terminates at the point corresponding to 
the middle of the length of each of the lines at the instant of their rupture. 
The continnons part then takes its origin rather higher up, but also terminatea 
a little above the distance D ; the difierence in the origins of these two magni- 
tudes and that of their terminations mast, consequently, partially compensate 
each other ; and as these difiereoccs are both very minute, the excess of one 
over tbc other will, a /orliori, be very small, so that the two magnitudes to 
which they refer may, as I have stated, be regarded, without any sensible 
error, as equal to each other.* In virtae of this equality, the length of the 
continuous part of the vein, which we are considenng will then apparently 
follow the same law as the distance D, i. e., it will be very nearly proportional 
to ^^A. 

Thus, in the imaginary case of uniform velocity of transference, we again 
recognize the first of the laws given by Savart. Now, it is clear that in a real 
vein the velocity will deviate from un^ormity so much the less as the charge 
is greater ; whence we may infer that, for sufficiently great charges, the lengui 
of the continuous part of the real vein must still exactly follow l&is law. We 
rhall. moreover, demonstrate this in a rigorous manner. 

73. Lot us, then, take the real case, i. «., let us consider a vein submitted to 
the action of gravity, in which, consequently, the movement of transference is 
accelerated. Then the velocity possessed, after any time (, by a horizontal 
Boctiou of the liquid conveyed by the movement of transference, will have for 
ils value ^/^+gft the first tcnn representing the portion of the velocity due 
to the chiuge, the second the portion due to the action of gravity upon the 
■ttiD, and ' being reckoned tWm the moment at which the liquid section passes 
tt« contiacied section. It mnsl be home in mind that, in virtue of the accele- 

*We ttioll reciu to tliii point, and stiall then establigh It more clearly. 

oogic 
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ration of the velocity, tbe vein, if it did not become divided, would continue to 
become indefinitely thinner tVoin above downwards, (§ 69.) 

This admitted, let ns imagine that another vein of the same liquid, placed 
under the imaginary condition of the preceding paragrnph, flows off with the 
eamo charge from another orifice of the same diameter, in the same time as the 
true vein In qnestion. Let denote the time occupied by this second vein id 
traversing the distance which we have denoted by D, i. e., that which is com- 
prised between the instant at which the liquid section that constitutes the neck 
of a constriction passes to the contracted section, and the instant of the rupture 
of the line into which this constriction becomes transformed. In the expression 
of the velocity relative to the firet vein, let t^O, which gives for this velocity, 
after the time 0, the value ^/-jgh+gO; in other words, let ns consider the ve- 
locity of a liquid section belonging to the true vein, after the time necessary 
for a section belonging to the imaginary vein to have traversed the distance D. 
According to what we have seen in the preceding section, if the orifice remains 
the same, this time is constant, whatever the charge may he; so that in the 
above ezpresGion the term gO remains invariable when h is made t« vary. 
Hence, whatever may be the val ae' of B, we may suppose the charge A to be 
enfficiently large for the term V'igk to be very great m proportion to the term 
gO, and that the latter conscqnently may be neglected without any sensible 
error. In the case of a value of A which will realize this condition, and, a fat- 
twri, in the cose of all still greater values, the velocity of a section of the true 
vein dnring the time may be regarded as constant, and equal to that of a sec- 
tion of the imaginary vein ; so that throughout the entire space traversed by 
the first dnring this time, commencing at the contracted section, the real vein, 
if it did not become divided, would preserve exactly the same diameter, and 
might be regarded as identical with the imaginary vein, also assumed to bo free 
from divisions. 

Now, it necessarily follows, from this approximative identity, that dnring the 
time ff the same will apparently occur in like manner in both veins ; conse- 
quently the time 6 will be very nearly that which, in the true vein, the liquid 
section, corresponding to the neck of a constriction, would .employ in accom- 
plishing the modifications which we have considered, and the space which it 
will traverse dnring these modifications may he regarded as equal to the dis- 
tance D relative to the imaginary vein. 

Now, OS the continuous part of the true vein terminates a little below this 
space, and is consequently included in the same portion of the vein, it follows, 
from the above approximative identity, that this continuous part will be ezactly 
equal in length to that of the imaginary vein, and therefore, commencing with 
the least of the charges considered above, the lengths of the continuous parts 
of both veins must he very nearly governed by the same law. 

We arrive then, lastly, at this conclusion, that for the same orifice, and com- 
mencing with a low bnt sufficient chai^, the length of the continuous part of 
the true vein must be in proportion to the square root of the charge. 

In accordance with the preceding demonstration, the low charge in questioD 
is that at which the movement of transference of the liquid begins to remain 
apparently uniform in all that portion of the true vein which is comprised be- 
tween the contracted section and the point occupied by the middle of each line 
at the instant of mpture ; but as the extremity of the continuous part is very 
little distant from this point, (§ 72,) we may neglect the small difference, and 
say simply that the low charge in question is that which begins to render the 
movement of transference of the liquid exactly uniform as far as the extremity 
of the continnouB part of the vein. 

Thus, under the condition of a low chai^ sufficient to produce this approxi- 
mative unifonnity, which condition is always realizable, the law indicated bv 
Savart aa establishing the relatioa between the length of the continuous part 
19 s 
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aod tbe charge noceesarily follows from the propeitieB of liqoid cylinden. To 
discover whether this law is also trae when weaker charges are employed, we 
mnet etart from other coiuiderations ; but it ie evident, eo far, that ifia the lat- 
ter case the law ia different, it must at least necessarily convei^ towards the 
proportionality in qaestiou, in proportion as the charge increases. 
■ We must remark here, that in the case of a given liquid, the cbai|;e with 
which the vein begins to oxiet tinder tbe condition which we have detemuned 
mnst be as mncb less as the diameter of tbe ori6ce is smaller. In fact, since, 
all other things being eqnal, tbe transformation of a liquid cylinder occnni with 
a rapidity nroportionate to the diminntion in sise of tbe diameter of tbe cylinder, 
it follows tnat the value of will diminish with tbe value of the orifice; and 
therefore the smaller the latter is, so much the less wOl tbe value of A become 
to allow of the tenu gB in the czpressioa ■^•2gk+gO, placed at tbe coinmenco- 
ment of this section, being neglected in comparison with the term ^/2gk, and 
consequently for the vein to exist under the condition in question. 

Aloreover, as the time varies with the nature of tbe liquid, the same will 
necessarily apply to the cbai^ under consideration. 

74. Let ns now investigate the second law, namely, that which establishes 
tbe approximatiTe proportion of tho length of the continuous port of the vein 
and ibe diameter of the orifice, when tbe charge remains the same. 

Let us resume, for an instant, tbe imaginary case of an absolutely unifonn 
movement of transference. The vein, leaving its diviaions out of considera- 
tion, will then constitute a tme cylinder (Jommencing at tbe contracted section, 
(§72,) which cylinder will be formed in tbe air, and tbe entire convex surfiue 
of which will be free ; moreover, as the movement of transference of the liquid 
does not exert any influence upon the effect of the confignriug forces. (§ 7S.) 
and as there is no extraneous cause tending to modify tbe length of the divi- 
sions, the latter will necessarily assume their normal length. It is evident, 
therefore, that excepting that tbe formation of its divisions is not simnltaneooa, 
{% 69,] our imagina^ vein will exist under exactly the same circumstances as 
the cylinders to which the laws recapitulated in section 68 refer \ consequently, 
if we consider in particular one of the constrictions of this vein, it must pass 
through the same forms, and accomplish its modifications in the same time, as 
any one of the constrictions which would result from the transformation of a 
cylinder of the same diameter as tbe vein, formed of the same liquid, and 
placed under the conditions in question. 

Now, in the case of a cylinder of mercury, tbe time comprised between tbe 
origin of the trausformation and the instant of the rupture of tbe lines is, ia 
accordance with one of our laws, exactly or apparently in proportion to the 
diameter of tbe Cylinder ; and it is clear that this law is equally applicable to 
any one of the constrictions in particnlar, or even simply to its neck, as to the 
entire figure. If, then, we suppose our imaginary vein to be formed of mercury, 
tbo time which tbe neck of each of its constrictions will occupy in arriving at 
the instant of the rupture of the line will be exactly or apoarently in propor- 
tion to the diameter which tbe vein would possess if the oivisious in it wen 
not formed, t. «., to that of the contracted section. Now, as tbe cylindrical 
form of the vein, supposed to exist withont divieions, only begins at tbe con- 
tracted section, it is only from this port that the configuring actions arising 
from the instability of this cylindrical form commpuco. We must, therefore, 
admit that tbe liquid section, which constitutes tbe neck of a constriction, does 
not begin to undergo the modifications which result from the transformation 
until (he instant at which it passes tbe contracted section; thus the interval 
under consideration commences at tbis very instant 

But tbis mterval. comprised between tbe instant at which the liquid section 
of which tho neck of a oonatriclion ia formed passes tbe contracted sectioot 
and the iutant of the rupture of the line into which this ctmstrictioB becomet 
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converted, is that which we have dea^nated by 0, and in which the liquid aee- 
tkm traverses the distance D ; in ear imaginary vein of merenry, the time 
will therefore be in proportion to the diameter of the contracted eection. 

Now, we know that in a liquid vain, the diameter of the contracted section 
may be regarded aa proportional to that of the orifice, when the latter exceeda 
6 millimetres, and that above this limit the proportionality does not alter veiy 
appreciably except when the diameter of the orifice becomes less than a milli- 
metre.* Moreover, as this alteration is attribated to the inSnence which the 
thickness of the edges of the orifice, although very slight, exerts, it is probable 
thai it may be rendered still less by employing, as Savart has done, orifices ex- 
panded outwardly, and which may be soaped so that their edges may be very 
ahaip. Tboa, with property made orifices, we may nndonbtedly admit, witt 
ont appreciable error, that commencing with a diameter oqnal at most to a mil- 
timetre, the diameter of the contracted section is proportional to that of the 
orifice. 

Hence, as the length of the continuous part of onr imaginary vein is in pro- 
portion to the diameter of the contracted section, it will also he in proportion to 
the diameter of the orifice, at least starting fivm a low valne of the latter, which 
most not be mncb less than a millimetre. 

We have only considered the case of merenry ; hnt the principle with which 
we set oat, i. «., the proportionality between the partial dnration of the trans^ 
formation of a cylinaer and the diameter of the latter, very probably applies 
also, as we are already aware, to all other very slightly viscid liquids ; conse- 
quently, in the case of any of the latter liquids, it is very probable that the 
length of the contini*Hia ^art of the imaginary vein will also be In proportion 
to die diameter of the orihee. Tfaelawmay aJsobetme in regard to all liquids; 
but it may be the case that this general application does not hold good. 

If we now pass from the imaginary to the tme vein, we have only to sup- 
pose that the value of the constant charge is sufficiently considerable to allow 
of the condition aaaimied in the preceding section being satisfied throughout 
the entire extent which we asBign to the variations in the diameter of the ori- 
fice ; BO that, for each of the valnes given to this diameter, the continnons part 
of the tme vein is apparently of the same length aa that of the corresponaine 
imamnary vein. The law which regala>teB this length may then be r^arded 
as toe same in both kinds of veins. In accordance with the two remaiu ter- 
miuatiag the preceding section, it is evident that if the common charge fblfila 
the condition in qneetion with regard to the greater raloe assigned to the diame- 
ter of the orifice, it will, afoHuyri, fulfil it with regard to all the qthers. 

We are, therefore, led to the following definitive conclusion ; 

In the case of merenry, and very probably also in that of all other very 
slightly viscid liquds, such as water, if for the same charge increasing values 
Hv given to the diameter of the orifice, from a valne slightly less than a milli- 
metre to some otb» determinate value, and if the common charge be suffi- 
ciently great, the length of the continuous part of the vein will be proportionate 
to the diameter of tiie orifice. 

This conclnsioD is, perhaps, tme is the ease of any liquid whatsoever ; but 
the elements for deciding this qneatlon are wanting. 

Thus, with the restrictions e<mtained in the above enanciatioD, the second 
law given hy Bavart results necessuily from the properties of liquid cylinders ; 
and it is also evident that if, in the eaae of a common inconsiderable charge. 



ukH woen me aiftiiieE«i 01 coeonnce uequaL \o or greaur man lu muiuueuee, Eiie mesa 
proportion of Che dianntor of the eonlrsetediactioD to tbat of the orifice 1>0.78; thatinpasB- 
mg&om 10 miUimetTM to 1 mlUimeCTe, the proportion only Inaroaoos 9.63 1 andlastlf, iriten 
the ^ameter is eqnal to 0,S& miUimotre, the prDptftisa beeaoMS 0.88. 
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the law becomes modified, it maet ^proximate towarda that of Sawt in pro- 
portion ae the valtie given to this charge ia Ereater. 

75. We Bud (note to § 72) that we should retam to tlie closely approxima- 
tive principle of eqnality hetween the length of the contiDnoaa part of an 
imaginary vein ana the corresponding distance D, in order to establiab this 
principle more clearly ; we shall now do this. 

Let L be the length of the continnone parti and C the portion common lo 
this length and the distance D ; let also * be the interv^ between the origins 
of the lengths L and D, i. e., the small distance comprised between the orifice 
and the contracted section ; and, lastly, let t be the inteiYid between the ter- 
minationa of these same lengths, i e., the distance comprifted between the op- 
permoat point of the mptnre of the line and the middle of this line ; we shall 
then have 

L=C+*, 

consequently 



..(1.) 



D D 

Let uB DOW first appro xima ti vol v value the quantity i in the caae of some par- 
ticular liquid, and let ns again tal^e merciOy. After what was shown at the 
commencement of the preceding section, the length of the divieionB of an imagi- 
nary vein is equal to the normal length of those of a cylinder of the same 
diameter and ot the same liquid which wonld be formed in the air, and the en- 
tire convex surface of which is free; now in the case of mercury, we know 
that the proportion of this normal length to the diameter of the cylinder most 
be lees than 4;' coneeqnently, in our imaginary vein of mercury, the proportion 
of the length of the divisions to the diameter of the contracted section will 
also be less than i; but in our state of ignorance of the exact valoe of this 
proportion, we will first suppose it to be equal to the above number. If we 
then denote the diameter of the contracted section by k, the diameter of the 
isolated spheres composing the discontinuous part of the vein will be (§ 60) equal 
to 1.82.A, and the length of the interval between two Bnccessive epheree will 
be 2.18 .k. But the line into which a constriction ia converted la necessarily 
shorter than this interval ; for so long as the rupture does not take place, the 
two masses united together by the filament must etill be slightly elongated; 
and, moreover, each of them must present a slight elon^tion of the line, eo aa 
to be connected to the latter by concave curvaturea. Judging from the com- 
parison of the aspects presented immediately after the rapture of the line, and 
after the estire completion of the phenomena, by the figure resulting from the 
transformation of one of our short cylinders of oQ, (see figs. 28 and 29,) I should 
estimate that for each of the two masses connected by a line, the elongation 
towards the latter jplw* the alight concave prolongation form about two-tenlha 
of the diameter which these mnssee acquire after their transition to the etate of 
apherea. To obtain the approximative value of the line belonging to our vein, 
we must therefore deduct iiom the interval 2.18 .k. four-tenths of the diameter 
1.82. i. which gives 1.45.%. On the other hand, if we denote the diameter of 
the orifice by K, we have (note to the preceding section) very nearly K^^.8 . K J 
whence it follows that the approximate value of the length of oar line is equal 
to 1. 45x0.8. K=l. 16 K. Lastly, the uppermost point of rupture of the line 
must be very near the upper extremity of the latter; if we auppoee it to be at 
ttus extremity itself, the quantity i will be half the length of the Uoe, and we 
^11 auuequently have 

*=0.fi8.K. ^. , 

D.gil zed by Google 
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Let ne pasB to the qnantity *. We know that the distance between the orifice 
and the contracted section, although not entirelT independent of the chai^. 
always differs bnt little from the semi-diameter of the orificci so that we should 
have very nearly «^0^0.K, and therefore 

t-»=O.50.K-0^.K=-0.08.K, 
evidently a very slight difference. 

We have assumed 4 as the value of the proportion of the length of the divi- 
sions of our vein to the diameter It ; this value is undoubtedly too great ; bat 
as the exact valne must necessarily exceed the limit of stability, which is itself 
more than 3, we may admit that this exact value is considerably more than the 
latter number. Suppose it, however, to be equal to this number 3 ; calculation 
will then give for the diameter of the isolated spheres the quantity 1.65.)t, and 
for the interval between two cousecntive spheres the quantity X.Z^.k. Com- 
pleting the operations with these data, in the same manner as above, we obtain 
as the final result 

also a very slight difference. 

Now, as the true valne of the difference *^t mnst be comprised between 
the two limits which we have just (band, i. e., — 0.08. K and -1-0.23. K, and 
■a we cannot ascertain either the one or the other, we shall obtain a sufficient 
^proximatioa to this true value by iaking the mean of the two above limits, 
which gives, lastly, 

*— »=0.07.K (2.) 

Let the distance remun D. As this is traversed by a uniform movement daring 
the time 6 and with the velocity ^2gk, we shall first have 

Now, as the time 6 is equal (preceding section) to the partial duration of the 
trane format ion of a cylinder of the same diameter and of the same liquid as 
the vein, and which would be formed under the conditions of the results 
summed np in § 68, it follows, from one of the latter, that if the diameter of . 
the contracted section of onr imaginary vein of mercury were a centimetre, the - 
time C would be considerably more than 2 seconds ; however, in order to place 
ourselves intentionally under unfavorable circumstances, let as suppose that, in 
the above case, tlie time in qaestion were only equal to 3 seconds. But the 
time is proportionate to the diameter of the contracted section, (preceding 
section ;) if, then, we take the second as the unit of time and the centimetre 
as the unit of length, we shall have for any value k of this diameter 

0=2k; 
and if we replace k by its approximative valne 0.8 .K, it will become 

fl=1.6.K[ 
consequently 

As wc have taken the second and the centimetre as the nnits of time and length, 
g will be equal to 980.9 ; and this value being substituted ia the above expres- 
sion, it will finally become 

D=70.87.K V*. 
Frnm thij) expression, and that of »—i given by the formula (2,) we deduce 
•— • 0.07 „„„, 1 

Kow, according to the equation (1) this quantity represents the error we com- 
mitinsupposing^^l, or L:=(I; it is evident that this error is independent 
of the diameter of the orifice, but that it varies with the chai^, and that it is 
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Ims in proportios aa tfae etroigtli of the cliai^ ia greater; it ia also eTident 
tW for it not to be very Bmoll, an extremely Boall value miut'be given to tha 
charge; for when the cWee is too Email, either the flow does not take place, 
or it cnBuee drc^ by drop, m both which casea the nature of the phenomeBMi 
is changed, and cannot be referred to the tranaformation of a cylinder. We 
shall therefore suppose that the value of the charge is 4 ceatimetres, for inataoce, 
which ia certainly a amall value, and which is slightly greater than the least 
of the values employed by Savart in his experimenta. We shall then have 

^^i=0.0005i 

and tntiisferriDg this value to the equation (1) we shall find 

^=1+0.0005, 

or rather 

L— D= 0.0005. D. 

Thus, according to thia reanlt. whatever the diameter of the orifice may b^ 
irith the feeble charge of 1 centimetree, the length of the continnona part of an 
imaginary vein of mercury only exceeds the distance D by a quantity equal 
to 6 tcn-thoQsandtha of the latter ; so that, for inetance, if the diameter of the 
orifice were euch that the distance D were a metre, the length of the contimH 
ons part would only differ from it by half a millimetre ; and in conaeqnenoe 
of the very small value we have attribated to 0, even this probably exceeds 
tho true difference. Lastly, if we p«as from mercury to some other liquid, the 
difference between L and D, or rather the proportion of this differeuce to D, 
would necessarily vary in magnitude aud direction with the nature of the 
liquid ; but thia proportion, aa we have shown, is so small that we may safely 
admit that it will always be very small in regard to any other liquid. 

76. Let us now go within tho limit commencing with which the real t«« 
may be compared, in its continuous part, to the corresponding imaginary vein, 
{55 73 and 74 ;} in other words, let iia suppose the charee to be so inconsider>- 
blc, or the diameter of the orifice to be so great, that toe movement of trans- 
ferenco, in the extent of the continuoua part of the real vein, is not perfectly 
uniform. The vein will alao then tend to become thinner from above down- 
wards, and this dimlnntion in thickness will become visible upon the limpid 
portion. The question of the laws which under these circnmstancee mnat 
regulate the length of the continuous part n very complicated ; we shall, how- 
ever, attempt to elucidate it to a certain point 

Let UB consider a division of the vein at the instant at which its upper ex- 
tremity pasees the contracted section. The two liquid sections betwocn which 
the division in question is comprised separate from this position with different 
velociticB ; for, in the abort path which the inferior section has traversed, its 
velocity is even slightly augmented by the action of gravity. Now, it follows 
from this excess of velocity and the acceleration of the motion, that tho two 
sections will continue to separate from each other more and more in proportion 
aa they descend ; or, in other words, that the portion of the tiqnid included 
between them will gradually become elongated during its motion of transfer- 
ence. Consequently, if no other cause intervened, each of the divisions, con- 
veyed by the accelerated velocity of the liquid, would gradually increaaa in 
leugth up to the instant of the rupture of the line, and would preserve a con- 
stant Tolnmo during its descent. 

But there is a caune which acta in an opposite manner npon the divisions. 
If we imagine tho divisions of the continuous part to be suddenly effaced, the 
small portion of the vein thus modified which replaces, at this instant, any given 
division, will bo smaller in prnpottion aa the division in question is more distant 
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&om tbe contracted section. Consequently we may consider each of ths di- 
Tisions which at a detenniiiate instant are arranged upon the entire length of the 
continnons part as arieing respectively from t£e traDsformation of a different 
cylinder; and as the minute portion of the vein which replaces, in the above 
hypotbeais, any given division wonld continue slightly diminishing in thickness 
from above downwards, we should exactly obtain the diameter of tbe corre- 
Bponding cylinder by taking the mean diameter of this portion. Now, we know 
that for any liquid, the normal length of the divisions of a cylinder supposed 
to be formed in the sir, and the entire convex surface of which is free, is !n 

§roportion to the diameter of this cylinder; conseqnently, if nothing opposed 
le action of the configuring forces upon the vein, tne proportion of the length . 
of a division to the above mean diameter corresponding to it wonld be the same 
fbi all the divisions ; and as this mean diameter diminishes at each division 
from tbe top to the bottom of the continnons portion, it ftUowa that tbe length 
of the divisions wonld continue to decrease in the same proportion. If, then, 
the cause with which we are engaged were alone in action, each division would 
gnidaally diminish in length and volnme in proportion as it descended in tho 
continnooB portion. But then the divisions startins from the contracted section 
with the velocity of tbe liquid would necessarily totlow in their movement of 
transference a different law. We shall show that this movement would be 
retarded, so that the liquid, which descends, on the coutrary, with an accelerated 
velocity, must paae from one division to the other, and' that the latter mnst 
Bimply constitute, upon the surface of tbe vein, a sort of undulation, which 
would be propagated according to a particular law. 

Let na assume the bypotbeAis of the entirely free action of the confignring 
forcee, and let us commence with the moment at which the section of the sur* 
face of the vein which constitutes the neck of a constriction passes to the con- 
tracted section. After a brief interval, another superficial section, correspond- 
ing to the next neck, will pass in its turn, and these two sections will include 
a. division between them. After another interval of time equal to tbe first, 
another division will have passed to the contracted section ; but tbe first will 
even then be shortened, so that its lower neck, in this second interval of time, 
will have traversed a less space than the first. .For tbe same reason, tbe space 
traversed in a third interval of time equal to the two others will be still smaller, 
■ and BO on afterwards. The movement of transference of the necka, and there- 
foro that of the divisions which they include, two and two, will then consti- 
tute, as I have stated, a retarded movement. 

Now, the two causes which we have mentioned, and which act concurrently 
upon the divisions, will necessarilv combine their effects. Consequently the 
velocity of transference of the divisions will be intennediato between the 
accelerated velocity of tbe liquid and the retarded velocity which would result 
from the second cause alone; in the second place, tbe divisions will gradually 
diminish in volume daring their descent along the continnoos ponion, but 
according to a less rapid law than would be the case under the isolated action 
of this second cause ; lastly, the length of tbe divisions will follow a law inter- 
mediate between the gradual increase determined by tbe first cause and tbe 
decrease produced by the second. 

77. We shall now investigate the manner in which these modifications ia the 
volume, length, and velocity of tbe divisions are capable of erertinr au influ- 
ence upon the lawB regulating tbe length of the continuous portion of the vein. 
We must first draw attention to the fact that in our imaginary veins, where 
the movement of transference of the liquid is supposed to be uniform with all 
chaises, the causes producing the above modifications do not exist ; conse- 
quently the divisions must always descend with the same velocity as tbe liquid, 
without varying in either volnme or length in the conrae of tbe continuous 
part. Moreover, we must recollect thxt atl«r what has been detailed in §§ 72, 
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74 and 75, Savart'a Ibwb are already iatiefied with regard to tlieso veins com* 
menciQg irilh very feeble chaises ; the first law in the case of any liquid 
whatever, and the eecond in the caee of mer€arj, very probabij also in that 
of any other very slightly vjacid liquid, and perbape even in that of all iiqnids. 
Let ns now recur to the trne vein of the preceding flection, and let ua t>egiti 

' by examining tho inflaence exerted by the diminution of the volume of iia 
diTisioos. Since a cylinder, supposed to exist under the conditions of oar lava 
and formed of a given liquid, becomes transfbrmud with rapidity proportionate 
to the amallneaa of ita diameter, it necesaorily follows that as the volume of ita 
diviaiona ia amaller, the gradual diminution in the volume of the divisiona of 
the vein tends to render the velocity of their transformaiion more accelerated 
than it would be in the imaginary vein of the aarae liquid if it flowed nnder 
the same chai^, and from an orifice of the eame diameter. Under the isolated 
inflaence of this modification of the volume, the time which the portion of the 
phenomenon corresponding to the course of the continuous portion requires 
would therefore be shorter ; consequently the length of this portion wotdd be 
less than in the imaginary vein. Now if the charge luder consideration were 
replaced by a charge very nearly aufficient to annihilat« the acceleration of the 
movement of transference of the liquid in the continnona part, this portion of 
the vein would then be equal in length to that of the corresponding imaginary 
vein, ^|73;) therefore in passing from the first chaige to the second, the con- 
tinuous part of the true vein would augment more than that of the imaginary 
vein, 1. 1., would consequently augment in greater proportion than that of the 
square roots of the two charges. Tbna the gradual diminution in the volume 
of the divisions tends to render the law r^;ulatiog the length of the continuous 
part of the vein, when the charge is mode to vary, more rapid than that of 
ijavort. 

Let ua pass on to what relates to the length of the divisions. As die accelera- 
tion of the velocity of the transference of the liquid forms an obstacle to the 
free sfaorteuiug of the diviaione, the latter mnat be gradually extended ia tbe 
direction of their length, in proportion oe they descend upon the contjnuoiia 
parL Now tliis gives rise to an influence exerted in the same direction as the 
preceding; for in consequeDce of their leea thickness, the coostricted portions 
will yield more readily to this traction than the dilated portione, wtucb will 
necessarily increase the rapidity with which the former bi^me diminished in 
thickness, and will therefore tend to produce, in each of them, the fonoatioa 
and rupture of the Ime aooner than in the correapondiug imagiuory vein. But 
the difference of the laws which the divisions and the liquid follow in their 
reepective movements of transference, engenders an infiuence which acts in a 
contrary direction to the two preceding. In virtue of the excess which the 
velocity of the liquid acquirea above that of the divisions, the liquid paaaca, as 
we have seen, from one division to the other, so that any one portion traverses 
eucceasively, sometimes the narrower canal of a cooatriction, sometimes tbe 
larger apace of a dilatation. But aa tbe liquid tbua moves in a conduit the 
dimeosiona of which are alternately smaller and larger, its velocity most be 
greater in the constricted parta, and less in the dilated parts, than if the ilivi- 
sions did notcxiat; whence this singular consequence results, that Ate velocity 
of t^msference of the liquid, instead of being uniformly accelerated, is sub- 
jected, in th6 course of the contiDuons part, to a aeries of particular variations 
which render it alternately greater and less than that which a solid body fall- 
ing from a point situated at the elevation of tbe liquid in the vessel would have. 
Uoreover, the liquid molecules, instead of moving is the dhection of liue« pre- 
senting a very slight curvature, and always in the same direction, aa they would 
do if the divisions wer« abeent, will necessarily describe sinuous lines in their 
passages frood division to division. Now, the confignriog forces emanating from 

. the Buperficial layer of the vein, oad which piMloce the divisions, caonot fores 
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the molecnUa of tbe liquid to undergo these alternate chiuiges of directiou aud 
Telocity, without expending a part of their own action ; so that things will go 
on as if tbeee forces experienced a loss in intensity. If, then, the induencu in 
question were alone exerted, the traneformation .would be effected with leas 
rapidity, and therefore the cootinoous portion would be longer than in the cor- 
reaponding imaginary vein ; whence it follows, that in passing from the charge 
nnaer consideration to a charge which would eatabliali the approximative 
uaiformity of the movement of traDsference of tbe liquid in the continuous por- 
tion, the tenglh of this portion of the vein would increase in a less proportion 
than that of the square roots of the two charges. 

With regard to the transference of the divisions, separately considered, we 
are well aware that it muat be intermediate between the retarded velocity 
which would result from the free shorteuins; of these divisions and the accele- 
rated velocity of the liquid ; but it would be difGcuIt to decide, a priori, 
whether this intermediate velocity preserves any retardation or whether it pre- 
sents any acceleration. However, admitting that retardation exists, the latter, 
tending evidently to diminish tbe length of the continuous portion, would pro- 
duce an influence in the same direction as the above two former; and sup- 
posing, on the contrary, that acceleration occurred, this would produce an influ- 
ence in the same direction as the third. 

78. To sum np, then: when the charges are less considerable than those 
which would render the movement of transference of the liquid nerfectly uni- 
form in the continuous part of the vein, two opposite kinds of innuences affect 
the law, according to which the length of this continnoua portion varies with 
the charge, the first tending to make thia length increase more rapidly than the 
square root of the charge, whilst the second, on the contrary, tends to make it 
increase less rapidly. Now in virtue of their opposition, these two kinds of in- 
fluences will mntnidly neutralize each other to a greater or less extent; hut in 
accordance with the diversity of the immediate causea which respec^vely pro- 
duce each of these influences, complete neutralization must be regarded as very 
improbable; which leads ua to the former conclusion, that, when the charges 
are sufficiently weak, tbe law in question will differ from that of Savart ; but 
it will be iraposaible to decide a prio/t in what direction. 

In the Hccond place, the primary cause of all the influences which we have 
mentioned being the acceleration of the movement of the liquid, it is clnar that 
the resulting action of those which act in the same direction, cousidered sepa- 
rately, decreases in proportion to the augmentation of the chaise, and may be 
neglected, commencing with the firat of the charges under which the movement 
of the liquid becomea perfectly uniform in tbe continuoaa portion. Now what 
remains of the mntutu neutralization of the two reanlting opposed actions is 
necessarily lees, and probably considerably so, than each of them in particular; 
whence we must believe that this excess may be neglected, commencing with 
a much lesa charge. We then arrive at this second conclusion, that Sitvart'e 
first law will undoubtedly begin to be true in the case of a charge which will 
still leave a very marked acceleration in the movement of tranuereuce of the 
liquid in the continnoua portion. 

Lastlyf this result, in contiexion with a principle which w« have eatablisbcd 
at the end of | 73, fnmishea us with a third conclusion, viz., that the charge at 
which tbe vein begins in reality to satisfy Savart'a flrat law will be less in pro- 
portion to the size of the orifice ; for it is evident that, in passing from one 
orifice to the other, thia charge must vary in the same manner as that at which 



the acceleration of the movement of the liquid may be neglected. But I sa^ 
further, that the variation in queation will very probably ti^e place in a muclt 
greater proportion than that of tbe diameters of the orifices. 

For, let h' be the charge with which the approximative uniformity of the move- 
ment of transference begins in the case of a ^vea orifice and liqiud> and 0\ (he 



298 THE FIQUHES OF EQUILIBBIDU OF A LIQUH) 1U88 

correBponding ralne of 9. The cbai^ A', u we have aeen, should be each 
QmI v^a' insy be very oineiderable in regard to gS', or, in other words, thu 

the proportion . ?.— may be very great. Let us now take an orifice of leaa 

diameter, and let i" denote the charge which Ailfits in regard to this aecond 
orifice tho same conditioD as h' with regard to th<! furmer; let, also, ff denote 
what becomes in the case of the new orifice. If we wish, in the movement 
of the liquid in the continuouB portioD of the vein which flows from the latter, 
to have the satae degree of uniformity ta in the codIuiuods portion' of tho 
preceding one, we must evidently make 

g» gff' 

which gives 

vF *"■ 

consequently 

A" fl^' 
But the time 6, at least in the case of mercnry, is proportionate %o tlie diameter 
of the contracted section, consequently to that of the orifice, (} 74 ;) hence, in 

the case of this liquid, we may substitute for -^, that of the squares of the 

diameters of the two orifices ; whence it follows that, in passing from any d«ter- , 
minate orifice to one which is less, the charge under consideration will decrease 
ae the Bqnar« of the diameter of the orifice. Mow it must be considered as 
very probable that the weakest charge at which Savart's law begins to be 
realized will decrease in an analogous manner, i. e., in a much greater propor- 
tion than that of the diameters. As we have several times stated, we are not 
aware whether the considerations relative to mercnry are applicable or not to 
all other liquids ; but we know at least that they are very probably so to all 
those the viscosity of which is very slight ; consequently the above conclusion 
is very probably also true in regard to any of tne Uttw liquids — such, for 
instance, as water. 

79. Let us provisionally admit the pisccdiug conclusions as perfectly demon- 
strated, and let us pass to the other law, i. e., that which governs tho length 
of the continuous portion when the diameter of the orifice is made to vary. I 
aay, in the first place, that, in the case of morcory, this law will coincide with 
the second of those of Savart, when we give to the common charge the value 
at which the vein escaping from the laigcst of the orifices employed would 
begin in reality to eatisiy the first of these laws. In fact, let us remark, first, 
that with the cluu^ in question, and which we shall denote by A|. the veins 
escaping from all the lesser orifices will exist ajbrtwri in the efiective con- 
ditions of the first law. Consequently, if for a moment we substitute for this 
charge Ai a sufficiently considerable charge to render the velocity of «he liquid 



Bensibly uniform throughout all the continuous parts, and if we aguu _ 
this second charge to the preceding, the respective lengths of the continuous 
parts will all decrease in the same proportion, i. e^ in that of tho square roou 
of the two charges. Now, with the largest of the latter, the lengths in ques- 
tion were to each other as the diameters of the corresponding orifices, (^ 74 ;) 
it will also be the same with the charge At; consequently wiUi this charge the 
second of Savart's laws will be satisfied. 

In the second pl&ce, I say that with a lower charge than A] the same will 
■ot hold good. To show this, let At be this new chai^ ; nod let as denote by 
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ht the charge which plajf the same part with regard to the rein eeoaping from 
the BmalleBt orifice as that which hi plays with regard to th&t whico eacapefl 
from the larger one. It unBt be borne in mind that ht is leu than A| , and let 
DB Bnppose Ag to be comprued between the two latter. With the charge* Ai 
and kt the vein escaping mm the smalleBt orifice will therefore then etill exist 
nnder the effective con&iona «f Sarart'e first law, whilst, as regards the vein 
which escapes from the larger orifice, these conditions will only commence at 
hi ; if, then, ve pass fro6i hi to ht, the continnons portion of the tint vein will 
decreue in proportioQ to the square roots of these two charges ; but that of th* 
latter vein will decrease in a different proportion. New, with the chirge hi 
these two lengths were to ench other as the diameteh of the corresponding 
orifices; with the charge Aj, then, they wonld exist in another proportion ; con- 
sequently the second &w of Sarart wonld no longer be satisfiea, at least as 
regards the two extreme vmns of the series brought into oomparieoo. 

The following new conclusions result frvm all this : VfiA a sufficiently weak 
common charge, the proportionality of the length of the condnnoas portion of 
the mercnrial column to the diameter of the orifice does not exist thron^ont 
the entire extent assigned to the variations of this diameter ; bat it begins to 
manifest itself when that value is given to the common cha^ st which the 
vein escaping from the lai^st of the orifices commences to exist under the 
effective conditions of Savart'a first law. 

Eespecting these conclusions, wo must repeat what we stated with regard to 
that terminating the pteceding section, vis : that they are very probably appli- 
cable, at least to all vety slightly viscid liquids, consequently to water. 

Now, we shall see that these same conclusions, as dso those of the pr^ 
ceding section, are in accordance with the results of Savart's experimenta, 
which results relate to water. 

80. Savart has made two series of observations upon vans of water with- 
drawn from all extraneons influences, one with an orifice 6 millimetree, the 
other with an orifice 3 millimetres in diameter ; the successive charges were 
the same in both series. The two following tables represent the results ob- 
tained, t. «., the lengths of the continuous part corresponding to the successive 
chafes ; both the lengths and the charges ore expressed in centimetres. I 
have inserted in each table a third column, containing, in regard to each of the 
lengths of the continuous part, the proportion of the latter to the square toot 
of the corresponding charge : 



Diameter of the orifice, 6 mUlimetn*. 


DiamelM of tba orlflee, 3 milUmetru. 


OUig^ 


LaBgtbortlHMm- 

Ufloau ponton. 


PropMtkmldU), 


Ctitnt. 


as.isr 


•qnnn root <rf 


4.5 
13 
S7 
47 


107 
196 

143 
156 


50.4 
36.4 
ST. 5 
33.0 


4.6 
IS 
ST 
47 


24 

39 
58 
78 


11.3 
11.3 

11.2 
11.4 



Before discussing these tables, ve may remark here that all the lengths ot 
the continuous portions are expressed in whole numbers; which shows that 
Sarart has taken for each of them the nearest approximative whole number in- 
oendmetres, disregarding the fraotion ; hence it follows that the lengths given 
in these tables caooot, ia general, be perfectly exact. 
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This beina; eatabUahed, let na now begin by examining the table relating to 
the orifice of 6 millimetres. It ie evident that the proportion of the length of 
the con tin Dona portion to the square root of the charge dimiDishes considerably 
from the firet charge to the laat ; whence it follows that, in the coae of a vein 
of water escaping from an oridce 6 millimetres in diameter, if the charge be 
not made to exceed 47 centimetres, Savart'e firet law is far from being satiiGed. 
Thoe the first conclneion of ( 78 is conformable with experiment. Itloreover, 
the diminution of the proportion determines the direction in which the true law 
differs from that of Savart within the limit at which this begins to be suffi- 
cicutly approximative; it is evident that the length of the continuous pordoa 
then augments leaa rapidly than the sqaore root of the charge. In the second 
place, aa the proportion in question increases, we find that the latter converges 
towards a certain limit, which must be a little less than S3, t. «., the value cor- 
responding to the charge of 47 centimetres. In fact, whilst the chai^ receives 
BQCcessive augmentations of 7.5, 15 and SO centimetres, the proportion dimin- 
ishea succeasively by 14, 8.9 and 4.5 units, and the latter difference is still 
tolerably alight in regard to the value of the latter proportion ; whence we 
may presume that, if the charge were still further increased, the further dimi- 
nution of the proportion would be very small, and that a sensibly constant 
limit would soon be attained, at which limit Savart's first law would ba 
satisfied. 

Xiet na now find the proportion of the velocity of tranaference of the hqnid 
at the extremity 6( the continnona part to that at the contracted section, in the 
case of the vein escaping under a charge of 47 centimetres. We shall diaregmtd 
hero the small alternate variations which have been treated of in J T7, and shall 
therefore consider the velocity of transference of a horizontal section of the 
liquid of the vein as being also that which this section would have if it had 
fallen freely and in a state of isolation from the height of the level of the liquid 
in the vessel. Then, on neglecting the small int^al comprised between the 
orifice and the contracted section, we shall have for the velocity in question, 
at any distance / of this section, the value ^2g.(A+i); if, then, i! denotes the 
length of the continnous portion, the proportion of the velocity at the end of 
this length to that at the contracted section will be expressed generally by 

^. , or more simply by -i/— j — . On now substituting in this expres- 

Bion for A and / the value relative to the vein in qnestion, i. e., 47 and 158, we 
find for the relation between the extreme velocities the value 2.1. Thus, al- 
though, under a charge of 47 centimetres, the vein escaping from an orifice of 
6 millimetres may probably nearly exist under the efifective conditions of Savart'a 
first law, the velocity at the end of the continuous portion is even more thaa 
double the velocity at the contracted section, so that the movement of transfer- 
ence of the liquid is still more considerably accelemted. The second conclusion 
of § 78, therefore, appears so far to agree, like the first, with the residts of ex- 
periments. 

Let as pasB to the table relating to the orifice of 3 millimetrea. Here it is 
evident that the proportion of the length of the continuous portion to the 
square root of the charge is very nearly the same for all the charges ; whence 
it follows that, with this orifice, the vein already begins to come within tbe 
effective conditions of Savart's first law under a cWge of 4.5 centimetres. 
Bat, according to what we have stated, tbe orifice being 6 millimetres, the veui 
does not satisfy these conditions except under a charge at least equal to 47 
' centimetres ; the charge at which Savart's first law begins to be realised, then, 
MgmentB and diminishes with the diameter of the orifice, and much mors 
ihls diameter. Now, this is the substance of the conclasioa 
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LnBtlj, if, :n the general czpresiion of the relation of the extreme velocities 
foand iibove, we replace A and I hy the values 4 5 and 24 relative to the first 
vein of the table nndcr consideration, we shall find for this relation the vaino 
SM ; Tvhich shows that with the charge 4.5, under which the vein is already 
placed in the effective conditions of Savart'a law, the velocity of tninsferenct 
of the Ii(]iiid is still very notably accelerated. No doubt can, therefore, remain 
of the legitimacy of the second conclusion of ( 78, 

Let ua now calculate, for each of the four chaises, the proportion of the 
lengths of the continaooa parts corresponding respectively to the two orifices ; 
we shall thus form the following table : 

Charges. ' Proportions. 

4.6 4-46 

12 3.23 

27 2.46 

47 2.03 

This table shows, that for charges below 47 centimetrea the relation between 
the respective lengths of the continuona portions of two veins of water escap- 
ing, one from an orifice 6 millimetres in diameter, and the other ^m on orific« 
of half this diameter, is far from being the same ns those of the diameters; 
whence it follows that, mider these charges, Savart's second law is not satisfied. 
Bnt it ia evident, at the same time, that this relation converges towards that of 
the diameters in proportion as the charge is augmented, and that, under the 
chat^ of 47 centimetres, it nearly attains it ; now, according to what we have 
Been above, under this same charge of 47 centimetres, the vela escaping from 
the larger of the two orifices very probably nearly attains the effective con- 
ditiona of Savart's first law. The conclnsions of the preceding section appear 
then to agree, as those of § 78, with the results of obaervation. We shall now, 
however, see this agreement confirmed by the results obbuned with veins of 
water wliea not wiUidrawn from extraneons inflaences. 

81. These extraneous influences, which consist of certaiD more or less regu- 
lar vibratory movements transmitted to the veins, do not appeu to alter the 
laws nndcr consideration, considered generally ; hut they prodnce a curtailment 
of the continuous portions, and thus produce the same effect ns a diminutioa 
of the diameters of the orifices, so that under their infloence Savart'a laws he- 
g^ to be realized with weaker charges. 

I have just stated that the complete laws which govern the continuous por- 
tion do not appear to be changed by the extraneous influences in question; 
this will be readily seen when, for each of the series made by Savart under the 
influence of these actions, in which series the orifices, the charges, and the 
liquid are the same as before, we construct a table of the proportions of the 
length of the conUnnous part and the square root of the cha^^ Notwithstand- 
ing the slight differences arlung, on the one hand, from the irregnlantiea inherent 
to the extroneoDB influences, and, on the other hand, from Savart always having 
the lengths in whole numbers, we shall see that with an orifice of 6 mil- 

ea the proportion still begins to diminish, and convei^ towards a certain 

limit; only here the limit is less, for the reason I have given above, and the 
limit appears to be attained under a less chai^ than 47 centimetres ; 2d, that 
with an orifice of 3 millimetres the proportion is perfectly constant. 

Hence the series in qoestion may also serve for the discuBsion of the laws 
which govern the lengtn of the continuous part. I shall limit myself hero to 
the production of two of these series ; they consist of those which Savart 
adopted as his type, and from which he dedoced his laws. The following are - 
the tables centaimng them : 



t 



b, Google 



302 THE FiaOBEa of E<117ILIBBIC1C of a liquid HA38 



DismelM' of tba eri&oe, fi 



IHuaetar of thB <iti£ce, 3 miUiinetrM. 



CtonrM- 


Length oTlbBMB- 


FropamM lo Oh 


— 


ttauuupgnnio. 


s.-s,^- 


4.6 
12 

27 
47 


40 

6d 

88 

m 


ieL» 

17.0 
15.8 
16.3 


4.(1 
13 


1« 

25 
41 
66 


7.6 
7.» 
7.9 
8.0 



and the firet elioirs that, with an orifice of 6 iiiillimetTCS, the proportion of the 
length of the continnonB portion to the sqiiare root of the cnorge appeara to 
have attained its limit even with a charge of 27 centimetres; the slight in- 
crease manifested in the case of the encceeding chat^ is nndonbtedly dne to 
the causes of irregularity which I have mentioned. 

Let us further calcnlate, for these two series, the proportions of the lengtha 
eocreeponding reepecUvelj to the two orifces, which gives ns the following 
table: 

Cbai|[M. Proportions. 

4.5 2,50 

12 2.36 

27 , — 2.00 

47 2.04 

It is, therefore, also under the charge of 37 centimetres that the proportioD of 
the lengths of the continnons portions attains that of the diameten of the 
oriftces, which completes the establishment of the conformity of the conelu- 
sioDS of ^ 79 to the results of observation. 

Lastly, with an orifice of 3 millimetres, Sarart has made a series of obaer- 
rations correHpoadmg to fonr larger charges than th> preceding, and the pro- 
portion of the length of the continuous portion to the squaTe root of the charge 
still appeared perfectly constant; the first of these new chaises was 51, and 
• the last 459 centimetres. 

82. Thus, as we have been taught by Savart's investigations, the vein gives 
rise to the production of a continuous sound, principally arising from the peri- 
odical shock of the isolated mosses of which the discontinuous portion is com- 
posed against the body upon which they &11, and this Bonnd may be made to 
acquire great intensity by receiving the discontinuous portion npon a tense 
membrane. On comparing the sonnds thns produced by veins of water under 
difierent charges and with orifices of different diameters, Savart fonnd that, for 
the Bome orifice, the number of vibrations mode in a given time is proportionate 
to the square root of the charge ; and that for the same charge, this number is 
in inverse proportion to the i£ameter of the orifice. We shall now see that 
these two laws also resnlt from our principles. 

Let ns again hare recourse to imaginary veins. In these the length of the 
divisions is equal, as we have seen, (§ 74.) to the normal length of those of a 
cylinder of the same liquid, formed under the conditions of our laws, and hav- 
ing for its diameter that of the contracted section of the veib ; thns this length' 
depends only upon the diameter of the orifice and the nature of the liquid, and 
does not vary with the velocity of the flow. Now it follows &om this, that for 
the same liquid and the same orifice the number of divisions which pass in m. 
given time to the contracted section is in proportion to this velocity, i. e., to 
V^ih consequently to Vi- But each of these divisions fiiniiBhos lower down 
i—j ^ 1^ g^ ^ these eabsequentty strikes the membrauej the 
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aomW of impnlBea produced in a (pvea dme is equal then to that of the divi- 
Biona wMcIi paas in toe same time to the contractedT section, and is consequentlj 
proportionate to the square root of the charge. 

In the eecond place, as the normal length of the dirieions of a cylinder, enp- 
posed to exist under the condttiona of oar laws and composed of a g^ven liquid, 
is proportionate to the diameter of thie cylinder, it follows that, for any liquid, 
die length of the divisions of the imaginary vein is proportionate to the diame- 
ter of the contracted Bectioni and therefore exactly proportionate to that of the 
orifice. Now, for a given velocity of escape, the number of diriBiona which 
pasB in a gtfen time to the contracted eection is evidently in inverse ratio to 
the length of these divisions ; if, then, the liqnid remwna the same, this anmher 
is exactly in inveive ratio to the diameter of the orifice. 

Thns the two laws which, according to Savart, icgolate the sonnds produced 
by the veins, woold aecessarily he satbfied with regard to oor imaginary 
veins. Now, I say that the sotmd produced by a tme vein will not differ from 
that which the corresponding imaginary vein would produce, if the chai^ is 
Bufficient relatively to the diameter of the orifice for the veloci^ of transfer- 
ence of the liquid to augment very slightly from the coutracted section to a 
distance eqnal to the len^fa of the divisioaa of the imaginary vein. Then, in 
&ct. within tbiB extent, the two causes which tend to modify the length of the 
divisions, (f 76,) t. e., the acceleration of the velocity of the liquid and the 
reeuhing diminution in the diameter of the vein, will both be very small ; and 
as they act in opposite directions, their resulting action will be insensible, so 
that the divisiona will freely acquire at their origin the length corresponding 
to that of the coireeponding imaginary vein. Now, Jt is clear that in tois case 
the number of divisions which will pass in a given time to the contracted sec- 
tion will be the same in the real and the imaginary vein; conseqaently the 
Bounds prodnced by both the veins will also be identical. 

But in confining ourselves to very slightly viscid liquids, as water, we know 
that the relation between the normal length of the divisions of a cylinder 
imagined to exist under the conditions of our laws and the diameter of this 
cylinder must very probably differ bat little from 4 ; consequently the same 
applies to the relation between the length of the divisions of an imaginary 
vein formed of one of these liquids and the diameter of the contracted section 
of this vein. If, then, in a tme vein formed of one of these liquids the in- 
crease in the velod^ of transference is very slight at a diatance irom the con- 
tracted section equ^ to 4 times the diameter of this section, the condition laid 
down above will very probably be satisfied ; however, to avoid any chance of 
being deceived, we will take, for instance, 6 times this diameter. 

It is, moreover, clear that, if the condition thug rendered preeiae is fulfilled 
with regard to a given charge and orifice, it will be so, a Jbrtiori, for the same 
orifice and greater chains, and for the same cliarge sad smaller orifices. We 
arrive, then, at the following conclusions: 

1. When a series of veins, formed of a very slightly vladd liquid, flow suc- 
cessively from the same orifice and under different chsu^es, if the least of them 
is sufficient for the velocity of transference of the uqoid to augment very 
slightly, as far as a distance from the contracted section eqoal to about 6 
times the diameter of this section, the. number of vibratioos coireeponding re- 
spectively to the sounds produced by each of the veins of the aeriee will neces- 
sarily satisfy the first of the two laws discovered by Savart. 

2. When a series of veins, formed of a very slightly viscid liquid, escapee 
under a common charge and from oiifices of different diametere, if the common 
charge is sufficient for the same condition to be fulfilled with r^ard to the vein 
which escapes from the larger orifice, the number of vibrations correspondine 
respectively to the sounds produced by each of the veins of the seriea wiH 
oeceesanly aatisfy the second law. It now remains for us to show that the 
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above conditioa was SBtisfied in tbe f zperimentB from which Savort dednc«d 
the two taws under coneideTation. 

In the series relating to the firat of these laws, the diameter of the common 
orifice was 3 millimetree, and the Binalleet charge was 51 centimetres ; and in 
the scries which refers to the second law, the TaJne of the common charge was 
the some, 61 centimetres, and the diameter of the largest orifice was 6 milli- 
metres. For onr condition to be fulfilled with regard to both series, it was 
therefore evidently sufficient that it was bo in the vein which escaped under the 
charge of 51 centimetres, and from the orifice the diameter of whicu was G milli- 
metres. Now on multiplying this diameter by 0.8, we obtain for the approx- 
imative value of that of the contracted sectioa of the vein in question 4.B milli- 
meties, and 6 times the latter qaaotity gives as 38.8 millimetrea, or nearly 

3 centimetres. Now if iq the expression ^-iZ_, which gives the general valie 

of the relative proportions of the velocities of transference at « dietftnce t from 
the contracted section and at this section, (j 80.) we make A=51 and 1^=3, w« 
obtain for this proportion the value 1.03; whence it is evident, that from tbe 
contracted section to a distance equal to about 6 times tbe diameter uf this 
section, tbe velocity of liansference of the liquid of the vein in question only 
increased 3 ceotimetres more than its original valae. 

83. Let us imagine a vein of water, and let us call a division considered im- 
mediately after its passage to the contracted section, t. e., at the instant at which 
its upper extremity passes this section, tbe nascent division. It follows from 
what we have detailed in tbe preceding section, starting with a sufficient charge, 
that the proportion of the length of the nascent divisions of the vein in ques- 
tion to the diameter of the contracted section will assume a constant value. J. e., 
independent of the charge, and that this value will very probably differ bat 
little from 4. 

Now tbe results obtained by Savart in the experiments relative to the laws 
which we have Just discussed allow us, as wo shall see presently, to verify the 
consequences of our principles. 

The two opposite causes which tend to modify the length of the divisions 
are also those which exert an influence apon tbe velocity of transference, or, 
more precisely, upon the velocity of the transference of the necks which termi- 
nate them, (§ 76.) Now, in the case under consideration, these same canaes 
both remaining very small throaghont the extent corresponding to a nascent 
division, their resulting action apon the velocity of transference of the necks 
will he insensible throughout this extent ; consequently the velocity with 
which a neck descends may be regarded as exactly uniform and equal to the 
velocity of the flow, "Jigh, from the contracted section to a distance equal to 
the length of a nascent division. 

If, then, for an orifice of a given diameter, .1 denotes the length of a nascent 
division, aad ( the time occupied by a neck to traverse it, we shall have 

Moreover, let % represent the number of divisions which pass to the contracted 
section in a second of time ; as tbe time t evidently measares the duration of 
tbe passage of one of them, we shall have, taking the second as the unit of 

time, t^-, and therefore A^- y/^gk. Laetiy, let A denote the diameter of 
the contracted sectioir corresponding to the same orifice ; to represent the pro- 
portion of the length of the nascent division to this diameter, wo -shall have 
tbefimnuk 

i=s''^ '" 
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Nov, to obtain, by means of this fbrmnla, tbe aumerical valae of the propor- 
tion -7 relative to a determined chai^ (tnd orifice, we have only to aacert^, 

by experiment, the nnmber of Tibntions per second correspondiDg to this 
chai^ and this orifice ; for then the Talue of h will be given, that of k may 
be dednced from the diameter of the orifice employed ; we shall find tfant of i« 
by taking (see preceding section) half the numbm of vibrations fonnd ; and, 
lastly, that of ^ is known. It is nnnecesgai? to remark that the valnee of A, 
k, and g must be reduced to the same unit of length. Now, Savart's observa- 
tions relative to the first law give na, for an orifice of 3 millimetres, the nam- 
bei' of vibrations per second corresponding respectively to four different charges ; 
we can calcolate then, for each of these observations, the value of the propor- 



The following table eontaine these nnmbers, with the chaises to which they 
refer. The latter ore expressed in centimetres : 

Diameter of the orffic*^ 3 otiUimetna. 



459 1,843 

We may conclnde, from the resnlta detailed in the note to t 74, that what 
the diameter of the orifice amonnts to 3 millimetrefl, ^ot of the contracted 
section is almost exactly eight-tenths of this quantity; conseqaently, if we re- 
tain the centimetre as the unit of length, which gives 0.3 for the value of the 
diameter of the orifice in question, we shall have 

4=0.3X0.8=0.34. 

Lastly, the nnmbers of vibrations, and therefore the values of *, supposing 
the second taken as die unit of time, and the values of k and k being reduced 
to the centimetre as the unit of length, we mnst make ^^^^80.9. 

Bubstitnting in the formula faj these values of k and g, as also tl^ose of A 
taken from the above table, and those of is obtained by taking the reapective 
halves of the numbers of vibrations cootoiued in the same tabk, we shaJl find, 

for the proportion -i, the four foUowiog numbers : 
4.39 
4.37 
4.46 
4.29 

and we see that, in fact, these nnmbers closely approximate to each other, and 
very nearly amount to 4. The mean of these numbers, i. e., 4.38, gives u« 
then, very nearly, the constont value which, commencing with a snitable charge, 
the proportion of the length of the nascent divisions ot a vein of water to Uie 
diameter of the contracted section of this vein assumes. 

This is also evidently the value of the proportion of the length of all the 
divisions of the continnoos portion of a vein of water to the diameter of die 
contracted section, when the chaises are sufficiently considerable for the mov»- 
ment of transfbrence of the liquid to be perfectly uniform throi^bout Ae 
whole extent of this oontiauons pordon. In experimentally determinii^, in 
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tlie case of tuif oUiet lii|iiid, the niimb«r of vibrations correipoDdiDg to a given 

charge and orifice, the value of r refbring to thii tiqiiid is also obttuned hy 

means of the fonuula (a.J If we confine ourselves to liqnids, the viaooaity 
of which is very slight, the values would veiy probably be found to difier hot 
little from the precMUng ; and it may consequuitly be eonaideied that, with 
the some chatce and the aame orifice, the sounds produced by the veins formed 
respectively of these various tiqnids are very nearly of the same pitch ; but 
the case would undoubtedly be dififerent, at least in general, if we passed to 
liquids of considerable visc/isity. 

Savart says that the nature of the liquid appears to exert no influence upm 
the number of vibrations corresponding to a given charge and orifice ; but be 
does not point ont what the liquids were which he compared in this respect-; 
from what we have stated, it may be presumed that these liquids were sonte of 
those the viscosity of which is veiy slighL 

64. Since the partial duration of the transformation of a cylinder may evi- 
dently be taken into account, oa we have already remarked, by considwing 
only one of the coustricttons of the figure, or simply the neck of the latter, 
and, on the other hand, as this duration varies, for the same diameter, with tbe 
nature of the liquid, it follows that in the vem the time comprised between tlte 
instant at which the superficial section, which constitutes the neck c^ a con- 
strictiou, passes to the contracted section, and the instant of the rupture of tbe 
line into which this constriction b converted, will also vary, all other tbiD|p 
being equal, with the nature of the liqnid. Now, it necessarily follows from 
this, that for tbe same charge and the same orifice the length of the continuoiH 
part of the vein will vary according to the nature of the liquid; and this con- 
clnsiou is also in conformity with the results of experimeut. In Cict, as is well 
known, Savart has measured the continuous portion of four veins flowing oti- 
der identical circumstances, and formed respectively of snlpbnrio ether, alco- 
hol, water, and a solution of caustic ammonia, and he found tho following 
lepgthe: 

Eth«r 90 

Alcohol 85 

Water 70 

Ammonia 46 

85. Hitherto we have only entered upon the consideration of veins pmjectad 
vertically from above downwards. Let us now consider Teios projected in other 
than vertical directions. These are incurved by the action of gravity, and cas- 
DOt, therefore, be any further compared to cylinders; but we must remark, that 
the phenomenon of the conversion into isolated spheres is not the result of a 
property belonging exclusively to the cylindrical form; it appears that tide 
phenomenon must be produced in the case of every liquid dguro, ooe dimen- 
sion of which is considerable with regard to the two outers; we have, in fast, 
■een the liqnid ring formed in tbe experiment deocribed in $ 19 beoome con- 
verted into a series of small isolated masses, which would constitnte so many 
spheres if their fonn were not slightly modified by the action of the metallic 
wire which traverses them. We can understand, then, that in curved veins 
, divisions passing gradnally to tbe state of isolated spheres ought also to be 
produced; eonsequenUy, the constitution of veins projected either horizontally 
or obliquely must be analogous to that of veins projected vertically &om above 
downwards, which conclusion agrees, in fact, with Savart's observations. 

This analogy of constitution must evidently extend to tbe ascending por- 
tion of the veins projected vertically from below upwards; only in tbe case of 
the l^tw veins the phenomena are disturbed by the liquid which is thrown 
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86. Thti properties of those liquid figaree, one dimenBion of wbich is coa- 
sldentble with regard to the tvo others, and particularly of cylindere. furntehes 
then the complete explanation of the conetitntion of liquid reins projected 
from circular orificee, and accounts for all the details and all the laws of the 
phenomenon, at least eo long as the modifications produced is it by extraneous 
canaes, i. e., by the vibratory movements transmitted to the liqtud, are axcloded. 

Aa regards the mode of action of ihese vibratory movemenis, it is evident 
th.it the properties of the liquid cylinders cannot make us acquainted with 
them, lliete movements constitute a totally different cause f^-om the con- 
figuring forces, consequently one which is foreign to the general object of our 
treatise ; however, to avoid leaving a deficiency in the theory, we will also 
BXamine, relying upon other considemtions, the manner in which the vibratory 
movements act upon the vein, and we shall thna arrive at the cnmplete ex- 

filanatioD of the modifications which result from it, and the constitution of the 
atter ; but we shall reserve this subject for the following series. 

The Influence exerted by the vibratory movements communicated to the 
liquid led Savart to regard the conetitntion of the vein as being itself tb& 
result of certain vibratory movements inherent in the phenomenon of the flow. 
From this assninption, Savart has endeavored to explain how the kind of dis- 
turbance occasioned in the mass of the liquid by the cmissiou of the latter 
might in reality give rise to vibration, and he has shown that the existence of 
the latter would entail the alternate formation of dilatations and constrictions' 
tn the vein. It has been shown, in the exposition of our theory, that the con- 
stitution of tho vein is explained in a necessary manner by facts, qniie inde- 
pendently of all bypotbesiB. We may then, I think, dispense with a detailed. 
aiecoBsion of the ingenious ideas which we have mention^, ideas for the com- 
plete comprehension of wbich we must refer to Savart's memoir itself. We^ 
shall merely remark, that it is difficnlt to admit the kind of disturbance sn^-^ 
posed by Savart to occur, except during the first moments after the orifice ts- 

red ; moreover, that it is not very evident how the vibrations in qneatioa,. 
having traced upon the surface of the vein a nascent division, would pro- 
duce the further development of the latter, so aa to make it pass gr&dnal^r 
during its descent, to the state of an isolated mnss ; lastly, that to remove 
these difficulties, we should again ho obliged to have recourse to additional 
hypotheses, to arrive at the laws governing the length of tho continuons per* 
tion, and tliose to which the numbers of vibrations correspond! ngto the sounds- 
produced by the shock of the disturbed portion are subject. Howev^, it is 
by borrowing one of Savart's ideas, which becomes applicable when, from, 
some extern^ cause, vibrations are really excited in the liquid, that we find, 
the elements requisite for entering upon the latter part of the theory. 

87. In the next series, tifler having concluded what relates to the vein, we 
shall return to the liquid masses free from gravity ; and we shall study the- 
other figures of revolution besides the sphere and the cylinder, as also those 
figures which do not belong to this class, for which the equation of equilibrium! 
nay be interpreted in a rigorous manner. * 
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Theory tf the mndiJUatiotu which liquid pcum, pnyeeUdJrom drcular Qri/tat, 
widergo Wider the imflitenee ^ vOi'aiory moeenentt. 

% \. Iif the preoodiag seriea m dedaced from the properties of our liqidd, 
figures the theoretical explanation of the conBtitntion of liquid veins projected 
ftam cirealar orifices and withdrawn from all disturbing influeuce; it now 
ranains to coueider, also, under a theoretical, point of view, the curious phe- 
nomena whicli are produced when vibratory movemeats are comranuicated to 
the liquid. Gorainencing our investigation, as has been already stated, with an 
idea announced bj Bavart, we shall show how these movements combine their 
effects with those of the confignntive forces which determine the gradual 
transformation into isolated mosses, and thenceforth all the phenomena in ques- 
tion will be explained In a nataral manner. 

After aiming to establish, by help of an ingeiuoDS theoiy, that the distnriih 
aoce occasiouM in the mass of the liquid of the vessel by Uie efflux itself m^y 
excite in that mass vibrations directed perpendicolarly to the plane of the 
orifice, SaTart has shown that similar vibrations would result in the formation 
of alternate dilatations and constrictions on the surface of the vein, becaaae 
the portion of the latter which would issue doring the continuance of a vibra- 
tion, directed from within outwards, vould undergo a compression which would 
increase its thickness, while the portion which issued daring the continuanoe 
of a vibration directed from without inwards would undei^, on the contrary, 
a contraction which would attenuate it. Now, as onr researches hare shown, 
the formation of dilatations and constrictions of the vein is due to qnite another 
cause than vibratory movements, namely, to the instability of Uie equilibritim 
of figure ; but when vibratory movements are transmitted from the exterior to 
the liqiud of the vessel, and exist, consequently, in reality in that liquid, when, 
for instance, we place in commonication with the waits of the vessel a sonorone 
instrament in vibration, then the movements in question must necessarily tend 
to exert on the vein the action supposed by Savart ; and if these movements 
jue suitably periodical, their action will evidently concur with those of the 
configurative forces. We shall prcsoDtly examine this more closely; but we 
must first return to a point of the theory which we have stated in regard to 
veins not submitted to that influence. 

^ S. As was seen (2d series, f§ 72, 74. and S2) when the flow takes place 
in the direction of the descending vertical, if ws imagine the movement of 
translation of the liquid to bo exactly uuiform, the laws of the transformations 
of cylinders apply clearly to the rein, and we thence easily deduce the laws 
indicated by Bavort, laws which control, we know, tlie length of the contin- 
uons part and the sound rendered by the impact of the discontinuous part 
ag«ttsC a stretched membrane. Unt this case of uniformity in the movement 
of translation cannot be realized ; ^c caa only approximate to it by augment- 
ing the discharge, (Ibid., %% 72 and T.i.) .lad, in the whole length of the con- 
tinuous part, the movement of translation is always more or less accelerated ; 
whence it necessarily results that, in the absence of configurative forces, the 
vein would continue to grow narrower indefinitely from above downwards. 
Hence, the liquid figure- being no longer exactly cylindrical, the laws of the 
transformation of cylinders could be uo longer applicable to it without aomo 
modification; and since the volume of the divisions* of a^ylinder is propor- 

* It will be remnmbered tL'\t wi> AfaipiMe as divinotkt of a 1iqiii<1 cTlInder tho portions 
oT ttiat cylinder each of wliich \% convRiipd into an liolstcd Kphi-rp, niiil ihat, dnriofr Ibe 
tnutiirornittion, ill the divisiont are limited bj tlte circles of tbe nock (crrelet dt gorge) of 
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tionably leas as the diameter of tbo e^inder is smaller, it voald seem that tbe 
divigiona of the vein must undergo, daring their descent, a gradual dimiaation 
of volume in a cwtaia ratio with tbe above atteonation. Now, notwithstanding 
the apparent l^timacj' of the inference, this was nothing more than an hy- 
potheBis, and it was improperly presented as the expression of the reHlity. In 
«ffeet,itled, in tbe firet place, to a conseqaenee difficnlt to be admitted, namely, 
(Ibid., S^ 76 and 77,) that the liquid descends more rapidly than the divisions, 
■ad that, moving thus in a sort of channd of din^ensions oltemately wider and 
narrower, its velocity would undergo a soccessiou of periodical variations; 
moreover, if tbe divisioBs lost something of their volume ia the transit of the 
oontiuuona part, it would follow tliat tbe volume of each isolated mase would 
be less than that of an incipimt division, and as the same quantity of liquid 
must necessarily pass, within the same time, at all distances from the oritioe, 
the number of maasea which would strike per second upon a stretched mem- 
brane would be greater than that of the divisions which would commence par 
seeond at the contracted section, a result irreconcilable, as will presently 
appear, with our theory of the influence of vibratory movementa on the vein. 
But another faypotheBis may be formed equally probable, a priori, which 
does not involve the difficulties just mentioned, and which, as we shall see, is 
sustained by the results of experiment. Instead of regarding each diviaioD as 
independent of those adjacent^ and as tliue freely and gradually diminiahmg in 
volume by reason of the progressive slendemeas of the vein, so that all those 
which, at a given inatont, are ranged along tbe coulinnoos part shall have 
volumes decreasing trom the upper to the lower, it may be assumed with equal 
probability that these divisions are reciprocally dependent fielidairet) as r»- 

Srds one another, and that, in virtue of this reciprocal dependence, (toUdariti,) 
ey must all have an equal volume, but that, in consequence of the attennA- 
tion of the vein, lliis uniform volume ia intermediate between those which 
would correspond separately to the two extreme divisions ; this volume would, 
therefore, be proportionubly loaa as the vein tends more to grow alender, or, in 
other worda, proportionably less as the discharge is weaker. In this way all 
complication dieappeara; the divisions descend with the proper velocity of the 
liqum without modifying their initial volume; the liquid does not pass from 
dlviaion to division, and hmce its velocity of tranaktion does not nadergo 
periodical variations ; finally, each division which leaves the contracted aection 
famiahcs only tbe material of a separate masa, and consequently the number 
of masses which strike, in a given time, upon a stretched membrane ia always 
«qnal to that of the divisions which pass, in the same time, at the contracted 
section. Only, when we diminish or increase the diacharge, tHe diviaionn 
acquire, from their origin, a less volume in the former caao and a greater 
volume in the second, a volume which they will afterwards preserve through 
the whole passage of tbe continuous part. 

It ia easeatial to remark here that these variations in the volume of the 



incipient divisions neceasarily require corree ponding variations iu their length, 
imd that hence these diviaions must be shorter or longer according as the dis- 
obarge ia weaker or stnuiger. 

§ 2 bia. We shall adopt, then, as more simple, and as harmonizing theory 
with facts, the new hypothesis just presented, and it will be neccBaory to cor- 
rect in this sense ( 76 of the Sd series. Thia hypothesis Icodi us, like the 
int, to recc^nize two kinds of influences acting in opposite directions on the 
law which determiflea the length of tbe continnooa part when we cause tbe 
discharge to vary ; bat here, again, we shall see thtd matters tend to simplifi- 
cation. 

First, let ns remember that if the movement of translation were nniform. 
tbe proponionolity to the square root <rf the diachaige would still be satisfied, 
even beginniug with very weak discbaigea. (2d aeries, %\ 72 and 75.) Now, 
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tf (be divieionfl deseend with the nccderated rdoci^ of tb« liquid, and if we 
enppose that tliere thence remits no change in the miration of their tnoBfonn^ 
tion, they wi)t pa«a, daring thai duration, over a'mora ooniiderable space, so 
that the contmuoos part will be longer than if die aeceleiatiou did not exist, 
and the excess, compared with the length which the condnnoae part woold 
have in the case of the uniform movement, will be considerable under a weak 
or moderate discharge, while it will be inconsiderable under a very etroog dis- 
charge — this latter rendering the movement of tnuulati<m in the continuoiu 

5 art senBibly umform. Accordingly, when we pass &om the first of these two 
ischarges to the second, the ratio of the lengths of the cootinaoas parts which 
respectively correspond to them will be nearer to unity than it woald be if tlw 
acceleration were notl ; that is to say, nearer to nntty than that of the square 
roots of the diBcharges. v 

Bat the divieionB cannot descend with an accelerated movement witfaont 
bdng at the same time elongated, (2d series, J 76,) and thence proceed twe 
canses of diminution in the duration of the tranafurmation. We have seen 
(2d series, % G6) that the more the length of the divisions of a cylinder snr- 
passes the limit of stability, the greater is the rapidity of transformation ; and, 
on the other hand, the stretching out which the divisions of the vein that 
undergo must attenuate the constrictiouB more than the dilatations, because 
the former, having already a tendency to grow deeper by the octioa of the 
coafigurative forces, oppose no resistance to the effects of the elongation, while 
the latter resist by virtue of the contrary tendency. This second infln^no^ 
the diminution, namely, in the duration of the transformation, a diminution 
which must be so much the more decided as the rapidity of translation leas 
approximates to uniformity, or as the discharge is weaker, operates evidently 
to render the law moro rapid than the prnportionolitv to the square root of the' 
discharge, and this inflneuceis consequently opposed to the former. 

Finally, there is a third influence, the inverse of the preceding, and henoe of 
the sami; character with the first: as was shown at the end of the 2d |Mira- 
graph, the incipient divisions mast be proportionably shorter as the discharge 
is weaker ; but, agreeably to what has been said above, this curtailment, by 
diminisbiog the excess of the length of each division beyond the limit of sta- 
bility, must tend to augment the duration of the transfonnation. Consequently 
the 78th parngraph of the 2d series, relating to the neutralisation of the two 
opposite kinds of infiuences, and therefore to the manifestation of the laws of 
Siivart, remaius unchanged ; only it must ndt be forgotten that the influences 
to which we now refer are not altogether those which were indicated in the 77tli 
paragraph of that scries, and it will be seen that they are rather more simple. 
But the second part of the 82d paragraph of the 2d series, in which we sought 
to establish a privri the conditions for realizing the laws advanced by Savart 
in regard to the sounds which veins render, cannot be maintained, for the con- 
siderations therein set forth rest on the first hypothesis. In reasoning ocoord- 
ing to the new one we will say ; for a determinate orifice, in proportion as the 
discharge is increased, the constitution of the vein approximates more and 
more to what it would be if there were no acceleration, and consequently the 
length of its incipient divisions verges towards that which they would acquire 
in Uie same case; whence it follows, from the first part of the same paragraph 
82, that starting with a less dischai^ sufficiently strong, the laws of Savart 
will be necessarily satisfied. This is all that the new hypothesis can famish 
us on the subject of the conditions in question ; it does not*eiiable us to deter- 
mine the least discharge under which these conditions b^^ to be fulGUedi for 
h does not give the precise elements for calculating the length of the incipient 
divisions. 

Lastly, the commencement of $ 83 of the 2d series, which eetablishefl, upon 
thp other hypothesis, the approximate oniformity of the movement of troosk- 
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tlon of the necks {eerek* de gorge) of the G(»utrictione m the small extent 
iriilch correspondB to aa incipient diviiion, mnst be also rectified. Oa the new 
kypothesia, the movement of tianrlation of the eerelei de gvrge is the movement 
ittelf of the liqnidi and we can calculate conseqaeDtly with exactneaa, for the 
diacbat^ and orifice employed by Savort, how much the velocity baa increased 
■t a diatanee from the contracted seetioa six timed the. diameter of thu sec- 
tion, that is to say, evidently greater than the length of as incipient division, 
ftod the increase thns obtainM scarcely exceeds a hundredth. The new hy- 
pothesis therefore eatablishee, as well as tbe first, the nearly exact nnifonnity 
of the movement of translation of the eerdei de gorge in the small extent in 
qnestion, and conseqaently all the rest of tbe paragraph is justified. 

4 3. These rectificadouB having been made, we proceed dirtetly to the sub- 
ject. We will first briefly recapitulate what, according to the researches of 
Savart, are the modificatunis which the vein experiences under the circum* 
Mances we are considering, that is, when it is under the inSuence of vibratory 
movements. Tbe first fourteoi of Uie following Nob. relate to reins descending 
vertically. 

1,. Tbe continuous jport is shortened. 

2. Tbe thickoesB of the limpid portion seems augmented. 

5. Each of the masses which are isolated at the lower extremity of the con- 
tinnona pan is first flattened in the vertical direction, and consequently its 
horiaontal diameter is greater than that of tbe sphere which it tends to coneti- 
tnl«, 

4. The masses being thns abandoned to themselves under a flattened form, 
■nd tending to assnme the spherical form, they afterwards exceed this latter 
through tbe efiect of inertia, and are lengthened in the vertical direction, are 
then kittened anew, and again elongated, and so on in snccesaion ; so that their 
horizontal diameter, which was at firat greater than that of a sphere of the same 
volume, becomes afterwards less than this latter, then again greater, &c These 
periodical variations of the horizontal diameter of the masses taking place 
irhile the latter are borne forward by their movement of translation, the im- 
presBion left on the eye by the rapid passage of any one of these masses must 
be that of a figure presenting aregularly arranged series of maxima and minima 
of thickness, the former corresponding to the places by which the mass has 
passed at the moments of its greatest horizontal development, and the latter 
to tbe places by which it has passed at the moments of greatest horizoEtal con- 
traction ; and since tbe successive masses pass, either exactly or nearly so, by 
the same places in tbe same phases of their oscillations of form, the impression 
which they individually proauce are more or less completely identified, and tbe 
^contianouB part of the vein presents in a permanent manner the differences 
of thickness in qnestioD; in other words, this discontinnons part appeare to be 
eomposedofaregnlar series of elongated cxpausiona and nodes occapying fixed 
positions. When the above superposition ia imperfect, each expansion presents 
the appearance of an assemblage of filma, of which each constitutes a speciee 
«f cone having for its axis that of the vein. About the half of the first expan- 
raon is formed by tbe passage of the dilatations of the base of the continnons 
part, BO that this continnons part terminates about the middle of the length of 
that expansion. 

6. The length and tbe diameter of the expansions are so much the more con- 
siderable as the discharge is Btronger and the diameter of tbe orifice greater, 
and the same is tbe ease as regards the diameter of the nodes. 

6. This assemblage ol phenomena is manifested even when the vein is left 
to itself nnder the ordmary CErcumslances, that is, when vibratory movements 
are not designedly excited in the liquid of the vessel. This results, on the one 
hand, from the circumstance that the impact of the diseontinnouB part upon tbe 
liquid in which it falls occasions vibn^ons which are trausmitted to the vessel 
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through the interraition of the ^ and the anppoiis, and, on the other hand, 
from the Temel also recemng through the snpports the eligfat vibradona dnelo 
external Bounde communicated by the gronnd. It ia only by withdrawing the 
veaael, by means of certain expedients, &om these two i^uences that the vdn 
aaeomes the aapect proper to it. 

7. But all the phenomena ennmerat«d nnder the firat five of the preceding 
numbers become mncb more decided and regular when, by help of an instrn- 
ment, we prodiicci in the vicinity of the apparatns, a sound in couaonance with 
that which would result from the shock of the diacon^nnons part of the vein 
against a stretched membrane. The continaoos part is then considerably ^ort- 
ened ; the diameter of the limpid portion is increaaod, the dilatations, brang still 
Airther massed upon themselves, grow la^er, so that the nodes which sepante 
them are more elongated, and appear of smaller diameter, 

S. Besides the above unison, other sounds, produced by an inatrnment in the 
neighborhood of the ^paratns, act upon the vein in an analogous manner, but 
with much less energy. There are also sounds which exert no influence. 

9. In the particular case where the instmment varies very little from unison, 
the continuous part of the vein is lengthened and shortened alternately, and the 
ear is sensible of beats which coincide with those variations of lenrth. 

10. When the discontinuous part of the vein is received on a body which 
can render only a determinate sound, it frequently happens that the vibradone 
of that body modify the sound proper to the vein ; but this appears imposuUe 
onlesB the interval between the latter sound and that which agrees with the 
body impinged upon does not exceed a minor third. Wh«i the soond of the 
vein is mua modified by a foreign sound, it frequently requires only, in order 
to cause a return to the tone which pertains to it, a slight blotv on the apparatus 
or a change of position in the body impinged upon, and it is always by abrupt 
Starts that the letum is effected. If the interval between the two sounds be 
very Blight) thev may make themselves heard periodically or even simultaneously. , 

11. The monifications which the vein experiences under the influence of the 
Tibratory movements still increase and acquire a perfect regularity when the 
sonorous instrument, {7,} instead of being at a certain distance from the appara- 
tus, is placed in contact with the walls of the vessel and renders a very intense 
sound exactly in unison with that which is proper to the vein. The continu- 
ous part is then so much abridged that the upper extremity of the first dilata* 
tion almost touches the orifice, and, further, the superposition of the expansionH 
formed by the individual masses (4) is exact, so that no appearance of films is 
longer perceptible. 

1:2. This extreme r^ularity enables us clearly to distinguish the apparent 
figure produced by the passage of tbo sphernlea interposed between the mosses, 
ft figure which occupies the axis of the vein from the extremity of the oontinu- 
ons part ; here abo may be observed expansions and nodes, but shorter diao 
those which are due to the passage of the masses. 

13. By means of an instrument thus placed in contact with the walla of the 
vessel, almost all sounds can produce effects analogous to those of unison with 
the tone proper to the vein; out these effects are kss decided in proportion as 
the eouna of the instrument varies more from the nnison in question. 

14. Further, under (his condition, when the sound which is natural to the 
vein is not in accord with that of the instrument, it may be brought to be so, 
even when the variance between the numbers of vibrations is sufficiently great 
to constitute an interval of a fifth above or more than an octave below the 
•ound proper (o the vein. 

Ifi. If Die vein, instead of flowing vertically from above downwards, is pro- 
jected horlBontaHy, and b left to the ordinary circumstances, or, in other words, 
IB not nnder the influence of a sonorous instrument, but is allowed to strike the 
liquid of the veasel which teceives it, the discontinuous part pnaents expon- 

■ 1 XiOt>^Tc 
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Bioiis and nodes such as, in the eune clrcnmstaoces, lire preseat«d hy tbat of 
T^icall}' descenduig veins, (6.) and the vibratioDS ol an iDstrument modify it 
in the eaae mauDBr. If the vein be ejected obliquely from below upwards, 
tbe same phenomena are etiJl observed, so long as the angle which it forms with 
the horizon does not exceed 20° to 25°. 

16. But beyond that limit, and as tor as 45° to 50°, the diacontinnons part 
aseomes other aspects : when the vein is not nnder the inflnencB of the sound 
of an instrument, this discontinaons part appears spread out on one vertical 
|»lane into a sort of sheaf. Under the action of vibrations of a definite period. 
It may happen that the sheaf is resolved into two qnite distinct jets, having 
each its expansions and nodes regularly formed ; it may even be thatt for 
another definite sound, the sheaf shall bo replaced by three jets; finally, there 
is always a sound which reduces the entire vein to a single jet, presenting a 
system of expansions and nodes perfectly regular, and tliis sound is also wat 
which produces the greatest shortening of the cautiunous part. 

17. For the same discharge and the same orifice, the number of vibrations 
eorreepoadiug to the sound which exerts the maximum of efieot on the length 
of the continuous part and on the dimensionB of the expansions of the vein, 
is so much less as the direction ia which this last is ejected makes a greater 
angle with the descending vertical drawn from the orifice. The di&rence 
between the numbers of vibrations which correspond with the case in which 
the jet falls vertically and with that in which it is prqjeoted horisontally, is 

- inconsiderable ; hut it becomes very great between this last case and that in 
which the jet is an ascending vertical. 

f 4. Let us proceed now to the explanation of these singular phenomena. 
What follows, as far as ^ 24, will relate to veins ejected in tl^ descending ver- 
tical, and, up to that point, such veins must constantly be kept in view. 

Experiment has taught us (3d series, \ 46) that, in the transfonnation of a 
liquid cyliSder the length of a constriction is exactly, or at least almost exactly, 
' equal to that of a dilatation, and we shall hereafter demonstrate that this 
equality is strictly exact at the commencement of the phenomenon ; now this 
result is evidently ^plicable to the incipient constrictions and dilatations of 
the vein, and it follows that the respective durations of the passage of one of 
these constrictions and of one of these dilatations at the contracted section are 
equal ; on the other hand, a division of a cylinder or of a vein being com- 
|msed between the centres of two neighboring constrictions, and hence being 
composed of a dilatation and two somi-oonstrictions, the duration of thb 
passage of a division of the vein at the contracted section is necessarily 
equivalent to the sum of the durations required for the passage of a dilatation 
and a constriction ; and since thcqp two lost are equal, we arrive at this first 
consequence, tbat the duration of the passage, whether of a constriction or a 
dilatation, at the ctmtracted section, is equal to half that of the passage of a 
division. 

Bat the number of vibrations per second corresponding to the sound ren- 
dered by the impact of the discontinuous part of the vein upon a stretched 
membrane b. we nave seeu, (2<1 series, $ 82,) double that of the isolated masses 
which, in the same interval of time, strike upon tbat membrane, and, in virtue 
of our new hypothesis, (^ 2,) this last number is always 'equal to that of the 
divisions which pass, within the same time, at the contracted section ; hence 
the duration of each of the vibrations in question is, like the duration of the 
passage of a constriction or a dilatation, equal to half that of the passage of 
a division, and we thence deduce, finally, this fundamental conclusion : Tie 
dwratum of each f^' the oibratimu eorretpottding to the tottnd proper to lit vei» 
it equal to that of the pauage of a eotutnction m- ofla dilatatum at the eoit- 
traettd lectioit. 
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» & Ln ss soppoae now that, tbrongk tht 'muns iodieated by Samt, ve 

>tiT<r v-i-.ihlrswii tbe vein firom the tniaence of the vibrMions ouued by t^ 

1^ nf tW liqmid into the vetwl which reeeivea it, and from that of external 

'>"*M« :: *ad that then, the vein being left to tbe eole action of tbe coufignra- 

f^t ^.Ch-^rf^ w tTansmit to the vessel from which it eacapes, and caoaeqneutlT 

» ^h> ':uwJ Nntained rherein, a eoond exactly in nniaon with that which 

''*'*uiu. >w Tvsikfed hj the impact of the dieconUnoons part against a membrane. 

Cm .-<( Eli which flows from the interior of the vase towards tbe oiifice, paaua 

iicnt^^ ^ wMkr the action of tbe resalting vibraliona; and if these are com- 

«tu>.k~ic:>c ui a T«tic&l direction, each portion of the vein whkb eaeapea at tbe 

Muu^M-viil MViioa. nnder the inflaenee of a descending vibration, will be pro- 

^ ,. _> „i._;— ./■:7tT Ini-roued by that of ibe vibration, and will, eoBr 

Jte portion which would have paased in 

vibrations. The exceoa of velocity will 

the part of the vein sitnated below that 
ng out of view for a moment the config- 
t that this inferior part will oppotw a oer- 
, and that, therefore, the excess of liqaid, 
itj, will tend to disperse itself in a nori- 
D dilate the portion to which it peruioB. 

cjlindrical figure which the vein woaU 
novement of translation of the liquid and 

1 a Btable figure of equilibrium, tbe portion 
nding vibnuion, dilates while it paaees at 
same time exert an effort (b return to iU 
iwB, upon the hypothesis in question, that 
id, it would be propagated to the subjacent 
e surface of the vein a dilated wave of a 
) with a velocity equal to the sum of the 
>f that of the liquid. Then also the poi^ 
ards pass at tbe contracted section under 
, and which would consequently traveiaa 
diminished by that of tbe vibration, would 
nnstricted wave of tbe same length with 
idvance behind the Utter with the same 
lew dilated wave followed by a new con- 
e communication of vibratory movemenU 
le instability of the cylindrical figure and 
brmation into isolated spheres, things will 
IS imagine that the lower extremity of one 
irmed Dy the sole action of the configora- 
ald tmvers^ the contracted aection at the 
ibration commenecB in the liquid. Now, 
1 a GontinuonB manner into thii portion of 
tatea it, without any tendency in tbe vein 
e quantity of liquid superinduced at tha 
due to tbe descending vibration may be 
n and contribute to the formation of the 
it a contrary tendency. Moreover, since 
to the time which the portion of the vein, 
nselveB alone form an incipient dilatation, 

section, the upper extremity of that por- 
i>n at the precise moment when tbe vibra>- 
e action of this vibration wiU bo exerted 
I only on that portion. In fine, since tha 
actions of whiui we have jnst spoken has 
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no tendency to become e&aced, it will not be promgKted to thenabjaceat pans, 
ami coDaeqnently will not give rine to a wave. Uenee the portion uf tbo v^ 
under consideration will be more diUtod from the tint than it wuiJd have been 
in the abeence of vibratory movements ; but it will have the some length and 
descend ^th the same velocity as in this latter case. 

A her the descending vibration will come an ascending one, and this latter 
diminishing the velocity of the passage at the contracted section, there will re 
suit, as baa been already remarked, in the portion vf the vein which pasHea 
nnder its influence, a diminution of volume, so that this portiun wilt tend to be- 
come narrower; but the contigurative forces tending to make of this same por- 
tion an incipient conetrictioo, the attenuation due to the vibration will be ofiected 
withoQt encountering an opposite tendency, and consequently without giving 
rise to the Ibrmation of a wave. Thus we see that, as m the case of the dila- 
tation which precedes it, the constriction formed by the double action of the 
eontignrative forces and of the vibtation wilt be less decided, but will have the 
same length and descend with the some velocity as if the vein were abandoued 
to the sole action of the eonfigarative forces. 

In fine, the same thing will take place in regard to all ,the other dilatations 
and constrictiona : in virtue of the equality between the time occupied by each 
of these portions of the vein in paasnig at the contracted section and the dnra- 
tion of each vibration, all the dilatati<niB will coincide with the descending 
Vibrations, and all the constrictious with the ascending vibrationB ; all vrlll cou- 
■equently preserve tbeir length and their velocity of tmnsUtion, but all will 
quit the contracted section mure distinctly defined, or, to use other words, in a 
more advanced phase of transtbrmatiou, than if vibratory movements bad not 
been produced. 

$ 6. But the action of these mnvements will not be limited to this: In effect) 
the Telocities of the ascending and descending vibrations— velocities which, aj 
we have shown, change direction in the dilatations and constrictions to produce 
a greater transverse development of the former and a greater attenuaAbn of the 
latter — cannot be annihilated, in each of these pordons, at the moment when its 
passage at the contracted section is finished ; these velocities thus changed into 
transverse velocities will continue therefore, as acquired velocities, to form an 
addition to those which result from the configurttive forces. 

§ 7. In order that the transmitted vibrations shall exert with fall intensity 
on the incipient divisions of the vein the action described in the two preceding 
paragraphs, it is necessary that at the orifice they should have, as we have sup- 
posed, a vertical direction. It would be difficult, doubtless, to show a priori that 
in being propagated to the orifice the vibrations really take that direction ; but 
Savart, who bos been so much occupied with the communication of vibratory 
movements, admits the fact implicitly : he supposes, in effect, thiit on the one 
band these vibrations only reinforce those which ariae, according to him, from 
the efflux itself and which would necessarily be vertical, and on the other he 
does not say that, to obtain the maximum of Action, it is necessary to give to 
the sonorous instrument any particular position. For the rest, if we find therein 
some difficulty, it would suffice to remark that whatever be the real direction 
in which the liquid molecules, in traversing the orifice, execute the vibrations 
transmitted to them, we may always, save in the wholly exceptional case in 
which that direction is exactly horizontal, decompose each vibrutioo into two 
Qtliere, of which the horizontal one will exert no influence on the tmnsforma- 
tion of the divisions of the vein, while the other and vertical one will exert its 
whole action. 

We hare supposed, moreover, that the moment when each descending vibnt- 
tion commences is also that when the lower extremity of each dilatation passes 
at the contracted section ; but if, at the first instant when the vibrations moke 
themselves felt, this coiaddeace does not take place, there will be a conflict 
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between the action of the configantire forces and that of the ribrationn, nod tt 
Hiny be readily conceived that then the ttanBfonDation of the vein, which being 
only a phenomenon of instability may be displaced by elight canaeH, will canse 
the collective dilatations and restrictions to retrograde or advance, so as to esiab- 
Itsh very soon the above cotncideoce and thos allow the coacnrrence and entire 
freedom of the two systems of action. 

f 8. These priDciplea being established, we shall see cmei^ from them one 
by one all the qiodifications nnder^ne by the vein through the influence of the 
vibrations. 

Let ns first remember that when the vein is abandoned to the sole action of 
the configurative forces the velocity with which the transformation is uccom- 
pltsbed remains very small to a quite considerable distance from the contracted 
section, which gives to the corresponding portion of the vein a calm and limpid 
aspect ; in the second place, that, ihrther on, the dilatations acquiring a marked 
and more rapid development, the vein appears to grow laiger np to the point 
at which the masses become isolated ; and, finally, that beyond that point the 
diameter of the vein, a diameter which is that of these masses, is sensibly nnl- 
fenn. (2d series, { 70.) 

Let US suppose now such a vein, and produce, in proximity with the apparatni, 
the Botind we have been considering in all that precedes. Under the iuflnenc« 
of this sound each division qnitting the contracted section in a more advanced 
phase of transformation, (§ 5.) and the transformation moreover advancing from 
diat phase with a greater velocity than it would have done nnder the sole in- 
floenoe of the configorative forces, (^ 6, ) it necessarily results that this transfor- 
mation will be completed in less time; consequently each divi^on will attain 
the state of an isolated mass at a less distance from the orifice, and thus the 
continuous part will he rendered shorter. And since the dilatations are more 
developed from their inception, we tee, in the second place, that the apparent 
thickness of the limpid portion of the vein, a thickness which, at each point in 
the length of that limpid portion, is evidently that which the dilatations have 
acquired at the moment of passing it, will be augmented. In the third place, 
the excess of transverse velocity which the transformation receives from the 
vibrations, and which continnes as acquired velocity, must necessarily causp the 
horizontal diameter of the successive masses to exceed that of the spheres 
which these masses tend to constitute, ("o that the masses wilt become flattened 
in the vertical direction. But we perceive that this horizontal extension and 
vertical flattening render the capillary pressure, at the circumference of the 
mass, superior to that of the points near the axis, and that thence arises an in- 
creasing resistance which ends by destroying the transverse velocity. Then 
the differences of pressure will act frvely, and the mass will return npon itself 
t« attain its figute of equilibrium, that is, the spherical figure ; but the phe- 
nomenon, being effected with an accelerated velocity, cannot stop at this last 
figure, and the mass will be contracted in the horizontal direction while it is - 
etengated in the vertical direction, until the increasing resistance which results 
from new inequalities between the pressures has annihilated the acquired ve- 
locity; the mass being now ntged ny the differences of pressure which have 
prodaced that resistance will again return towards the spherical figure, which 
it will once more surpass, and extending itself a second time in the horizontal 
direction will become flattened in the vertical one; afler which it will recom- 
mence the same series of modifications, and will continue these oscillations of 
form as long as its fall continues. 

Thns we explain very simply, for the case of unison with the sound which 
the impact of the discontinuous part would occasion, the facts recited in Nos. 1, 
2, 3 and 4, of § 3. Only, as the extremity of the continnous part of the vein 
nccors about the mid-length of the first expansion, and consequently is little 
distant from the point corresponding to the first of the maxima of. thickoess of 
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the diocontianoas psit. we peiceire th«t each mass most attain its first poase 
of greateet boricoDUl derelopment a little before it completeljr detaches itself 
and at the moment, bo doabt, when it clLngis to that which follows it only by a 
thread. As to the iTBtem of films of which the expansions present uie a^ 
peorance when the nhenomena are not altogether regular, this, as Sarart baa 
stated, is evidently the rcEQlt of the iaexnct superposition of several ezpansioas 
individnally prodnced by sncoeesive massee; tbeee expansions are then seen 
simaltaneoBsIy, and are observed as though throngh one another, from the effect 
of the persistence of their impressions on the retina. 

f 9. It is clear that the time comprised between two phases of the stroagest 
horizontal contraction, or, in other words, that whicii each mass occupies in 
accomplishing a complete oscillation of form, is independent of the velocity of 
translation; conseijaently, the interval which a mass traverses daring the time 
^ qneation is proportionably greater as the velocity of translation is more con- 
siderable; bat this interval ia evidently the distance which separates the centres 
of two nodes, or the length of an expansion;* this length most therefore in- 
crease with the disuharge. 

The volume of the incipient divisions thus increasing with the discharge 
and each of these divisioas furnishing an isolated mass, the volume of these 
masses most eqiuUy increase with the discharge ; now the more volume these 
masi^os have, the greater must be their horizontal diameter in its successive 
maxima and minima ; but these maxima and miuima diameters are respectively 
the diameters of the expansions and nodes; hence the diameters of the expan- 
sions and those of the nodes must also angraent with the discharge. Only this 
augmentation tttads towards a limit of but little extent ; for tho greatest volume 
which the isolated masses can acquire is evidently that which they would assume 
were the movement of translation of the liqnid noiform, that ia to say, were it 
that of the spheres into which might be resolved an indefinite cylinder formed 
of the same liquid and having a diameter equal to that of the contracted sec* 
tion. (2d series, ( 74.) 

Now, if the quantity does not vary, but we use a larger orifice, the volume 
of the divisions of the vein, and consequently that of the isolated masses, will - 
bo more considerable ; but the greater these masses, the less rapid must be 
their oscillations of form, and therefore the more space most they traverse in 
their descent, during one of these oscillations ; hence the length of the expan- 
siona must increase with the diameter of the orifice. As to the respective 
di^uneters of the expansions and nodes, it is evident, &om what baa been re- 
marked above, that they will increase at the same time. We sec, therefore, 
from tbe contents of this paragraph, that the facts of No. fi of § 8 aro nocea- 
sary consequences of the theory ; always, however, upon the supposition that 
the vibrations are of tbe same period with those of the sound proper to the 
vein. We pass now to the facta of Nos. 6 and 7. 

§ 10. When tbe vein is not under tbe influence of a sonorous instrument, 
but is received in a vessel placed upon the ground, the principal cause of the 
vibratory movements transmitted bv the air and tbe supports to the vessel 
from which the discharge takes place is the impact of the isolated masses 
against the liquid into which they fall; we perceive then that, ita these move- 
ments, vibrations must prevail of the same period with those which would 
result from the impact of the masses in question against a stretched membrane, 
and consequently tbe action exerted npon the vein is explained by what baa 
been stated in the preceding paragraphs. But the vibrations tbua praduoed 
not having a great intensity, tho modifications of tho vein cannot acquire all 

* It {g thus thil Snvart smqk to consider the expulsions when occupied with Ihrnr length, 
«iid we ciHifoTnl 10 hi* eKpre.Mioas in tbe fotlowiag paiagiaph ; but, in reality, it is obvkNH 
that the space in question is composed of an expaosion and two lialf uodes. 1 
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tbe development of whkh they are suBceptihle ; beaidee, these ribra^DB htiog 
but little legalar, and being accompcuued Uy stig^bt and ttill more inegnlu 
vibmtioiu which proceed from external noidee. tbQ phenomena cannot fail to 
be impressed by these irreffalarities, and it is under these eiienmatanew, in 
eifect, that Savart describes the appearance of films in tbe interior ot the ex- 
pansions. 

Savart has approzimatelj roeoBored, under the cucimutances ia qneetion, in 
veins of water ^ected by two different orifices and with different discharges, 
Uie lengths and diameters of the expansions aa well as the diameters of the 
nodes. We deem it not snperfluous to reproduce here the Tosults of those 
meosoiements, in which the centimetre Is assumed as unity i 
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We will here remark that the length of an expansion being the space tra- 
versed by a mass during the continuance of one oscillation of form, and that 
continuance being constant in tbe same vein, tbe expansions pertaining to this 
latter must, because of tbe acceleration of tbe descent, increase in length, 
beginning with the first It is strange, therefore, that Savart, who, in another 
part of his memoir, speaks of this increase in reference to a particular experi- 
ment, should have given, in the above tables, the lengths in question as abso- 
lute ; we must presume that they relate to the first expansion of each vein. 
In fact, the experiment in which Savart observed the increase of length of the 
expansions would render the effect more apparent, because the first expansion 
occWred very near the orifice. 

{ 11. If, while the vein falls freely in tbe liquid of the vessel which receives 
it, we cause au instroment which yields a nnison. as has been supposed in 
the preceding instances, to sound in proximity with the appara^ns, then, under 
tbe action of these more intense and perfectly regular vibrations, the modifica- 
tions of the vein wilt be necessarily more distinct ; that ia, the limpid portion 
will appear a little thicker, the continnons part will undergo a new shortening, 
the expansions will be enlarged and the nodes reduced. Moreover, tbe expai^- 
sioQB individually formed by each of the masses will be superposed in a more 
exact manner; and hence will less orerreacb oue another towanis their extrenu- 
ties, BO that the expansions which result from them collectively will be more 
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maseed on each other, and tbe nodea which wpamte the latter will eeem to be 
elongated. And enoli, in reolit;, a« we see by No. 7 of ^ 3, is the state of the 
Vein under the in6nence in question. 

The phenomena would be mnch more regular still if the rein were originally 
withdrawn from all extraoeous inflnence, and Savart, in fnct, epeake of the 
great regularity of the expansions which ahov themselves nbcn such a rein {a 
reeelved on a stretched membrane, whioh then serrea as a eonorcna instrnment 
yielding an unison. 

S 12. When the inttmmentt which is made to resonod in tbe vicinity of the 
apparatus, yields a tone not in nnison with that appropriate to the vein, the 
vibrations no longer sncceeding one another at the same intervals occupied by 
the passage of tbe dilatations and constrictions dne to tbe confignrative forces, 
there can De no nninterrapted cononrrenca betveen the two epeciee of action ; 
but neither can these be incessantly in conflict, and it is obviona that from this 
alternation of accord and opposition must result efl'ecte of a very complicated 
kind. We will attempt, however, to discriminate to a certwn point what then 
occQrs in the vein. 

To simplify as fitr as possible, we will suppose extraneous action to be pre- 
viously anunlled. Dnring the succession of the phenomena let oa aeize, in 
tbongut, the instant wben tbe middle of a conatriction due to the configurative 
forces traverses the contracted section precisely in the middle of the daration 
of an ascending vibration ; this vibration will then evidently concur with the 
configurative forces to deepen the constriction. But if the sonnd of the in- 
atmment is sharper than that of the vein, and tbe vlbratjon has therefore leea 
duration than the passage of the constriction, a part, more or less conBiderable, 
of tbe base of the latter will have been in conflict with tbe end of tbe de- 
scending vibration which has preceded, and an equivalent part of the Bummit 
will be equally in conflict with the commencement of the descending vibration 
which follows, since these descending vibrations tend to dilate the portions of 
the vein on which they act. If, on the contrary, the sound of the matmment 
is graver than that of the vein, it is clear that tiie concnrrence will tike place 
for the whole of the constriction, but that the commencement of the vibration 
will have been in conflict with the upper part of the preceding dilatation, and 
that the close of this vibration will be in conflict with the lower part of the 
sncceeding dilatatbn. 

It is easv to perceive that after a certun number of vibrations an identical 
efiect will be produced ; that is, that the middle of an ascending vibration will 
coincide anew with the middle of the passaga of & constriction, that the same 
thing will still recur after a number of vibrations equal to the preceding, and 
BO on, periodically, at equal intervals. If, for instance, the duration of a vibra- 
tion be 4 of that of the passage of a constriction or a dilatation, the total dura- 
tion of BIX double vibrations, each composed of an ascending aaA a descending 
vibration, will be equivalent to the .total duration of the pasBage of five con- 
Btrictiona and five dilatations ; now, it is easy to percave that if we commence 
computing this duration at the instant of one of the above coincidences, it will 
also terminate at the instant of a like coincidence; in onr example, therefore. 
,the coincidences will be reproduced successively after intervals equal to the 
duration of six double vibrations. Let ub now eudeavor to discover what 

5 asses during each of these intervals, or. in other words, between one coiaci' 
ence and the following. 
With that view let ns examine what takea place at the moment when the 
first half of one of these intervals terminates. Id the example we have taken 
we shall evidently be then at the middle of an ascending vibration ; but if we 
reflect that the interval commences at the paMage of the inception of a division 
(4 4) and exactly comprises the passage of five entire divisionfl, we shall recog- 
nize that the end of ita first half jm the Instant of the paasase (^ the middle 
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of a divinoD. and, conaeqaentlj, of the nuddle of a dilatation ; hence, for this 
entire vibnden diere will be oppoaitiou with the eonfignratirfi forcce ; this will 
be the maximum of the conflict, and it b ebvtone that this conflict will, till 
then, have gooe on aaginentiiig ; that b to say, occupying greater and greater 
portions'bf the eacceseire Tibntions, to diminiah afterwudi by the same de- 
grees. These priuciplee being gratited, let lu Bee what can be deduced from 
ttiedk 

Each of the coDStrictions for which a coincidence shall exist will quit the 
eontmcted section in a more advanced phase of transformation, and hence will 
he broken at a less distance from tbe orifice than if vibratory movements had 
not been produced ; bnt the foUoiring constriction, which is under lees ad* 
vanccd conditions, can only be broken a little fiirther on, and die enbeeqaent 
raptnree will, in like manner, be effected fordier and farther from the orifioei 
nutil the ruptnre of the constriction in regard to which the conflict between 
tbe two actions is at its maximum; afW which things will proceed in an in- 
verse order; that is, the snecessive places of ruptnre will reascend till there 
recurs anew a constriction with a coincidence, when all will recommence in the 
same order as at first. It appears then that, ia such a vein, tbe coatinuoas 
part has different lengths, which eneceed one another periodically ; bat the 
shortest t^ these lengths most be r^arded as being that of the real coatinuona 
part of the vein, since tbe continuity is there pereisteut, wad it ia necessarily 
smsller tiian would be the continuous part of the same vein not subjected to 
the inflaence of a sonorous instmmeut. Stilt tbe Bb<»lening will not be ao 
great as in the case of unison. In effect, if the sound of ^e instrument ia 
sharper, the moat complete concnmnce between the two kinds of action only 
takes place, as has been said above, with the middle portion of the constric- 
tions upon which it falls, and there is conflict in the extreme portions. If tbe 
sound of the instrument is graver, the cancnrrence extends, indeed, to the 
whole of the constriction, but the conflict then exists in the adjacent portions 
of the two dilatations between which this constriction is comprised, and these 
portions admitting with less Cscility the liquid which is driven towards .them, 
the cMistrietion cannot obey with entire freedom the two actions which tend 
to narrow it. 

In the second ^aee, from what has been just said, the shortening shonld he 
proportionably less as the sound of the instrument deviates more from unison ; 
fot tbe more it is above this, tbe less is the portion of the constriction for which 
a concurrence exists; and the more it is below, the further does the conflict 
extend over the two neighboring dilatations. And since in tbe constrictions 
for which coincidence exists, and to a certain distance on both sides of each of 
them, the action of the vibrations favors, moro or less, that of the confignrative 
forces, the vmn will present, in an analogoas but less decided manner, the other 
modifications which nnison determines ; hence the limpid portion will stiQ 
appear a little thickened, and the interrupted part will have expansions and 
nodes ; but these modifications will be the lesa decided as the interval between 
the eoHud of the instrument and consonance is greater. 

We may, therefore, so far as the complexity of the subject permits it, pro- 
nonnee subsUntially the four following conclusions : When, at a certain dls* 
tance from the apparatus, a sound is produced sharper or graver than that 
which is proper to the vein, first, the continnona part will assume periodically 
different lengths ; second, the shortest of these lengths, which is that of the 
trtie continnous part, will be less than was the length of the sole continuous 
part before the action of the instrument, but this curtailment will not be so 
great as in the case of unison; third, tbe vein will present, in a manner analo- 
Mus to that which takes plaoe under the action of unison, bnt at the same 
t^me less decidedly, a small increase of thickness in the Innpid portion and a 
BVitem of expaiifiiouB and nodes in the interrupted part'i fouithf all these fh^ 
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a wiO be the less decided as the eoand of the inBtrament derlatee more 
from aniBon, so that the sonods which depart too mach from that aniBon, 
whether above or below, wHi appear iaoperatire. 

Wb have euppoaed that extraneous action has been prBTionfily neutralized ; 
but this action tending of itself to occasion like effects, (§ 10.) it will be under- 
stood ^at if we allow it to snbflist, it con scarcely but add to the intensity of 
the phenomena. We may here take notice that sounds, differing from unison, 
give rise at the same time to effects of another kind, effects whi^ will, in gen- 
eral, be little apparent in veins directed vertically, bat which are manifested, 
as will be seen, m those- whose emission takes place under certain obliquities. 
These effects depend on the conflict between the vibrations and the configura- 
tive forceS) and are consequently null in the case of unison ; they cannot, 
therefore, like thos^ we have been considering, go on decreasing from that 

Soint, but, on the contrary, it ta with the departure from unison that they are 
eveloped. 

^ 13. The first of the four conclusions above stated is clearly verified, in a 
particular case, by the'fact of No. 9 of § 3. In effect, when the sound of the 
mstrument is very nearly consonant, the duration of a vibration differs very 
little from that of a dilatation or a constriction, and consequently when a co- 
incidence shall occnr, it will be almost complete ; that is to say, thu conflict 
will occupy only extremely small portions of either the constriction or the two 
adjacent dilatations ; for such a constriction, therefore, the effect will be nearly 
the same as if there were exact nnison, whence it follows that at the moment 
of the roptare of this constriction the coatianoos part of the vein will have 
perceptibly the length which correspondB with nnieoo ; it will then acquire, 
progressively, greater lengths until that is reached which corresponds to the 
maximom ol conflict ; but on account of the approximate equality of the re- 
spective durations of a vibration and of tbe transit of a dilatation or a con- 
striction, it will evidently be only after a sensible space of time that this maxi- 
mum will present itself, so that the gradual elongation of the continnonB part 
will be effected with suffident slowness to be followed by tbe eye; and such 
will necessarily be tbe case with the next and the succeeding curtailments of 
length. As to the beats, it is plaia that they result from the mutual reaction 
of uie sound of the instrument and of that of the veiu ; for although Savart 
does not say so io express terms, we may conclude from the manner in which 
he states the &ct iu qnesdou, that tho vein mnst fall on a stretched membrauo. 

Except in this particular case of a vety smalt interval between the sound of 
the instrument and that of the vein, Savart says nothing of periodical changes 
of the length of the oontinDous part, and not without reason, as we shall see. 
For intervals which do not meet the above oondition, these changes are too 
rapid to allow their succession to be distinguished, insomuch Uiat all the 
leogths most seem simultaneous as well as all the systems of expansions cor- 
retpondinff to those lengths ; each of the expansions of the vein*, therefore, 
moat, in these circumstances, appear to be formed of individual expansions not 
exactly superposed, and consequently present the aspect of an assemblage of 
films, ($8;) now, there was nothing new in this aspect for Bavart, who had 
observed it (^ 10) in the expansions of veins not subjected to tbe influence of 
a sonorous instrument. 

§ 14. The three other conclusions of § 12 seem confirmed by Xo. 8 of f 3. 
Tet the manner in which Savart mentions the fiicts might cast some doubt on 
the entire exactness of that agreement; we shall therefore give verbatim the 
only passages which relate to Uie facts in question : 

"SoiBids wUch fonn the prave octave and flflh, the minor third, (be soperflnoris fourth, 
and the ihrill octave ol thai rendered bv tbe impact of the interrupted part minst an 
aniiliar; body, produce in the vejD modiflcatiaii* utalogooa to tboae juit dwcribed, [Unse, 
namely, produced bjr uuiion, 1 bnt with much tese energy ; and there are sooiids which do 
not act in any manner on it* duneuioni and the aipect it prefents." 
21 8 
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Kifyft »rr..^* alv« t:-»-A. *^i :l.u. if-nf u* waL-^g -ail «f iW gaa^^ 

IHt ,« U>al eate, Cja «« CuiueTt tut Sarart voui barcieiMexpceaMkMetal 
Wi r«iuri(. H/jmwvcT, tiiat lie AsperSHuo* fucni MtKsiaM b^k fim fttt- 

'i itt**: T*i^. ttM/^s^^'^ tL-yw iLai Sarart bad kn iki« MattkJ dM wfliaiiiiii 
a/ '/tM* *M>ui.( iLu Ks^/A, af l«a£t auio iLe iTrni M ' lM C i r wkkk we 4 
tiA't^>!U'^ aui il a^p'sn u> ■• lut :!>*>« eocid a 

ICMj, i.ju uut '/ aa un/.vi: acc^nUace. Foctanufi/ fravan 1— liiiJ a&cs- 
irivU yi aft^rcfirKikf :b« «w!^^ <i<^ aa>>n of iIm rib(su»ae pmdand by iba Mam- 
»Mil. wod tt^^ ii« HEecu, Mcb a* be dcKzibet Ukib, sact be icpfded aa 
vti/'Ily ijit.i'/nu^,^. w'.ii bar a»C(3«i>4ctM, aa vilj prcacBiIj be wca. 

f J .'/, 'f '> feiuiti what n^^srda tbe iDflne&ce of a MNud excited at • iliiiaaiii 
■(i4 ii.ll-i*M truta aa'.^itx, «« bave Miil 10 actooat for d>e£wia of No. lOof $3. 
tV*-. ■'•••II pvoAd (o 'L-fW that tbe«e Cicu. eueiHiaig tbe laM,deptad«a anon 
!(( i;(-r*I (/TibTipk, wlikb May be tuted ia tbe fuilaw'ing ■laari ' if tbe vila:^ 
li/riM "f tb« »dtrmaeti( are ■aScienily eoergtiie in icLuioa 10 ibeee occMioiaJ 
tif it"- f«)[«*Tt '^ tb« isolated nriMf-i. aad if at tbe sane lilac tbe iataral of the 
iw'i MiiniuU i» out too great, the aoaDd of tbe reia may be braogbi la bbimb 
Wlltf tint '/f (be iaatpuaeat. We obMrre tbat tbeee dicaaittancca an tboee 
tit M": »iiuiW eitMi: in effect, «^tii tbe vein falls oo a body wbicb eaa oalj 
iiiiiiiif » dHirniiiaate aoood, eoeb aa a di^ipaMO, if we Boppcee km aa inetaDt 
lliril 11 UMUrf%ii*» DO modification in tbe namber of tbe tM^awd iwaiwir^, the 
vll'fiii'fM due b} tbe impael of tb««e maMea will begeneraDy of ai 



ySuUt lIcM <rf ibe body Urnek, and conaeqneoUy tbey can only procnd from 
lliii i.iii.iiiMtJUirf. thai eaeb time a raaca teachu ibat body the air is drircA fron 
l,i'lt»i>*'i ll>'^i», ik/n retnrna, to be expelled anew od tbe araral of tbe fiiUowing 
^wt<n^, Utnl •" "*■ t" soeceMioD ; bat xhe ■onorooB waves prodaced in tbia manner 
Hill III f iMni/ily V'frr weak relatively to those produced by lbs vihratiaos of iba 
ImiU ■Iriiib I IfiiiM, we haveit in our power, by varying eitber tbe discbu^ 
111 llin itiMiiiKti'r (jf tlie orifiee, to d™!"'*" aa nucb aa we pleaae tbe interval of 
tliii two ■iiiiiiiU. 
'I lii> viiimlUim of itie iDStmncnt, (or, in tbe case before na, of tbe body im- 

i,H.((..il ii| ) lriiri»m.tted by the air to the veaael and the liquid, not having 

K\- "'iiiiii iliiiuliou witb the traosits of the incipient conatrictioitB and dilata- 
iM.UH (lito hi tim coofignnttive forces, then is, as has been shown, ($ 12,)avaria- 
Viy \<mi\w% imiwtott these two kinds of action; bat, if tbe two Boaoda do not 
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Affer too mnch irom one another, we can coDceire that the tranBfonnation of 
the Tein, a phenomenon Bnsceptible of being mflaeoced hj eitraneona causes, 
(Sd sertes, ^ 58,) may, under the action of the vibrationH, lengthen or shorten 
Ute incipient conetrictiona and dilatations, in ench manner that the duiation of 
the passage of each of them shall be precisely equal to that of a vibration, and 
that the two kinds of action shall be constantly in accord; this point being at- 
tuned, the soand of the vein will be necesaaiily in nnieon with that of the in- 
stmment. Only, for the vibrations of the instmment to be capable of realis- 
ing that result, it is obviously Qecessary that they should have a sufficient de- 
gree of energy relatively to the vibrations of the sound proper to the vein, 
since these last tend to favor the nonnal action of the configurative forces. 

We shall better comprehend the phenomenon by considering it under a point 
of view a little different. Let ns remember that the vibrations tend of them-, 
selves to produce, in the vein, incipient constrictions and dilatations, (§ 5 ;) now, 
if these constrictions and dilatations are a little superior or a little inferior in 
length to those which tlfc confignrative forces on their side tend to originate, 
and if moreover the action of the vibrations is energetic enough to control 
that of these forces, the system of incipient constrictions and dilatations which 
will be formed must be that which depends on the vibrations, and hence the 
traDsformation thus modified at its origin will be completed after this new 



But this state of the vein Is a forced one. since the natural mode of transfor- 
mation is altered. Hence, if something suddenly disturbs the sncceseion or 
regular transmission of the vibrations, the confignrativo forces will at once be- 
come again preponderant, and the incipient contractions and, dilatations will 
resume the length which corresponds with the free action of those forces. Thus 
is explained without difficulty the statement of No. 10, J 3, that it often re- 
quires hut a slight blow given to the apparatus or a change in the position of 
tno body stmck suddenly to restore the sound of the vein to the tone which is 
proper to it. We have supposed that, in the experiment referred to, the sound 
of the vein is restored to unison with that of the body receiving the impact, 
conformably with the principle advanced at the beginning of this paragraph. 
Savart, however, as may be inferred from the statement in the number in ques- 
tion, does not express himself in this respect in precise terms : he merely says 
that the sound of the body stmck modifies that of tbe vein, that it changes its 
period; but other expemnents which we shall presently discuss authorize us to 
ascribe to these words the sense we have given them. 

f 16. We further learn from No. 10 of § 3, that when the difference of the 
two sounds is very small, these two sounds may make themserves heard periodi- 
'cally or oven simultaneously. Let ua try likewise to explain these f^fts. 

We will suppose, for the sake of distinctness, that the sound proper to the 
vein is somewhat graver than that of the body struck. In tbe case of exact 
unison, the number of impulses of the masses in a given time would be half 
the number of the vibrations of the body in the same time, and consequently the 
interval between two successive impulses would he equal to the duration of two- 
of these vibrations ; therefore, upon the .above supposition, the interval between 
two impulses will a little exceed tbe duration of two vibrations, and if tbe re- 
action of these vibrations on the incipient constrictions and dilatations is not 
sufficiently powerftti to modify the length and thus produce unison, the small 
excess of duration of the intervals ith question will he maintained. This pre-, 
mised, let us begin with the first impulse. This will cause the body to perform 
a vibration directed from above downwards, wbioh will be followed by a vibra- 
tion from below upwards ; then, a little after the commencement of a new de- 
scending vibration, the second impulse will arrive; the third will act during- 
the third descending vibration, but at a little more advanced phase of that vi- 
bration ; Uie fourth impulse will take place dnrmg the fourth descending vibra- 
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&-.a nA at a ^fcaK rrti « 3-4 vm ■^■■m»i' : taA «• ^ aMfl ^ i 

r-'f^''^: :-£pnl«w. :b» as^L-tsit c# ^ac T-ivsi^ «f Ae hair wO ■■« 
jr> '■'■ '.iKx-v'.t.r_. a* £ir u tJk brt*^ laM c:r»^ b«. kv nme «f ik 
•iuv^ •.* '^ •! iz^. (» r4 [Lit ^-tivT^*. '^ iv;-zL*» v&jck faijia mJ occai 

■Ltt af>T a c-aba- '.f ^pelta r^aal w laat 4^ 'i^ pnasixp iriiw, tbe bodf 
«..■ a^rtJn bi? rtnwl^ ax ^k«> isMaBt 4f iw wraj*t> a af a yftiiiiiB. Nov, tins 
iM«/.i>^ gT"''? '"^^ «BY-i^*« »'■'• 'TTMa^j And**- -be iJLU i «f the fint ; ifast is 
(o Kir, w.l. j^rado^'r diaf£i>li tb^ acf jto^ of i£« vAntH* amd end by an- 

Bi.,i:.^ Ukfrm. A UiiH graop of Bp^lMC «~J1 nriv* thaa* TJliiii , a fixBrtlk 

will ancq] tL<>tt att>w, «d4 a9 mi taniMiBalelT. Tae MHi4 ^ ibe bodjr etiack 
viil f<« tb^nfiiR diCTBattlj ni*«4 and loxmd; «■ tkeaifaskHd. Uw ao^id 
r>f Uk yt^a wiH Ik vcaker wli«a the aiwP" f«ack ifae badr fctwj, te deaecHl- 
iD|E Tn>M^.mi tfaaa wbea tfaej eirike it danng tu aaccaiiB^ Tibotkna, sn ae- 
dianl of tli«: dt&mtee of ibe ivLuire relomiea : and «• ace, ■ w c o T ei . that (Us 
tatUT if/and baa ha mi ii ima during tfae aafSMtnatkiva cf ikat of (be body, and 
iu mashna dorinc the dimhratiottf. Tkis betne «». if tbe lihiiliuMa of the 
U^jr ac/]tiiFe, in weir greateat amplitiide, a cectaiD cae^T, aad if tbe reUtfve 
vr-l'^itj (ff lie impnlsea b<!«oiDefl at tbe nae tine Milkitall^ euail. tbe raoad 
fff lliR Tfrin win b« eatireljr macked at tbe moiaents of gnateat inleiwiij of that 
of till; body, to reappear and predonnnale in torn at tbe iaii inw iti^r mnnwln , 
and omM^nentlj toe two aoiuidB wiJI be beaid periodieaUj. Bat if iLe body 
ill ef<|ifll>ln of excdttine ribrations of only aiaall ampHtode^ ^id if it be hdd at 
a j^ri'.-it di'tance from tbe orifice, it may be that the Telalim relaeity of the vm,' 
puliM-n rliall continne to be always cooeideiable, so that the Mimd of the yein 
will \f. jM^rtvnrtibly tnufonn, and that of tbe body, is its '™»™m, not have esf* 
ficiait iritniKity to maak it. In that ea(«. tbe fint will not eease to be perceivod. 
and iv>n(M'qiiently, during tbe periods of inteiteification of tbe aeeoad, they will 
t>e both hf^ard at once. It is donbtless in this sense that we iboold interpiet 
llir word*, or even nrnvltanetnuiy, which are literally borrowed from Savait. 

f 1 7. Let ns now revert to the case where a sonoroiu inBtromuit is made to 
miidiT a tound in exact nnison with that proper to the vein. If the instm* 
■neot. innt^ad of acting at a distance, is placed in contact with the walls of the 
veimel whence the vein escape, it is clear that tbe Tibrations conuniuncated to 
tboMi walli and propagated in tbe liquid will be mnch more enei^tic, and that, 
in cnniwquence, the modifications of tbe vein will be m&cb more decided; 
moreover, the small irregnlarities spoken of in § 10 will be then eotiiely 
cSJici^. Tlie contents of No. 11 of { 3 are thna explained of themselves. 

{ 18. ^ri^cecding to No. 12 of f 3, we obeerre. in tfae axiB of tbe vein, on • 
qnitting the lower extremity of the continuous part, another eyetem of expau- 
^onB and nodes more minute as well as shorter, which is due, as Savart has 
shown, to the spherules which accompany the maBeee. 

Ilcre an apparent difficulty presents itself, Wben the vein is withdrawn 
fi^m all vibratory action, its interrupted part is free from expansions and nodes y 
it would seem, therefore, that under the sole action of tbe confignratiye forees, 
the ms«BeB arrive at the spbericnl form without perceptible oBcillations, and 
tt«t the oBcillatlouB of form take place only in the case in which the configuFa* 
liTe forces are re^iuforced by vibrations ; now, tbe mode of production of the 
nbcniles can in no manner be influenced by the vibrations, for these act di- 
gtctiy only Bt the contracted section ; lower down than that seption, their eSect 
s ^Hted to the acquired- velofiitics, (§| 6 aad 8,) which accelerate the develop- 
■jMB af the dilatations and the deepcniug of the couBtrietions, then to the ecu- 
,1 mil of each of thcao lost into a thread, and this thread is aflerwaids trans- 
^ r^^ tbns furnishing the spherules by the coufigorative forces alone, which 
^^^oibu in every liquid cylinder suffidently elongated; nevertheless. 
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these iphernlea pus tluotigli oseiUatioQB of fbrm, since the trace of dieir 
paeea^ before the eye presents expansious aai nodes. 

For the pnrpose of elncidating tois point let ns examine, attentively, what 
aa« the circumstancee in regard to the spherules and in regard to the large 
masses. Let ns remember (3d series, § 63) that the thread generally separatee 
into three parts, of which the two extreme ones reunite themselves respectively 
with the two large masses between which the thread is comprised, while the 
intermediate one contracts itself at once and symmetricnlly fiom above and 
below, dilating at the same time horizontally so as to produce the spherule in 
qnestion. By virtue of this simoltanaousnees and symmetrr of actiou, the 
small portion of liquid attains the spherical form towai^s whicn it tei^s, bat it 
dees so with an acquired velocity and thna necessarily overpasses it, so that 
its vertical diameter becomes less and its horizontal diameter greater than the 
diameter of the sphere of the same voliune ; hence the oscillations of form of 
the spherules, and consequently the expansions and nodes which result from 
them. 

Things do not occur, however, after identically the same manner with the 
large mass suspended to the thread and which is isolated by its rupture ; in 
effect, a moment before this separation the mass in question was already ren- 
dered free at its lower part by the rupture of the thread formed between it 
and the mass which precedes it ; here, then, the ruptures below and above Aie 
inasB, and^of course, the two contractions which tend to flatten it in the verti- 
cal direction, do not take place at the same time ; besides, as each of these 
contractions mnet be followed by an elongation, neither do these take place 
rimultaneously, and the same is the case consequently with the contractions 
and eloagatiouB which follow. Thus each contraction from the bottom .of the 
mass will be effected wholly or in part while an elongation is taking place 
above. And nee verta; but the first tends to increase the horizontal diameter 
of the mass and the second to diminish it ; their effects on this diameter will, 
therefore, more or leaa destroy one another, and if there be no vibratory influ- 
euce which, by the accession of velocity which it imparts to the transforma- 
tion, shall carry the diameter in question beyond that of the sphere and thus 
determine an excess of preesore to the equator of the mass, this diameter will 
vary but little, and consequently we shall observe no system of expansions 
and nodes in the discontinuous port of the vein. We see that, even under the 
sole action of the contigorative torces, the masses which become isolated at the 
extremity of the contiunons part ore necessarily the seat of oscillations of 
form, thongh these oscillations can only exist in a marked degree in the vertical 
direction. Wo have, therefore, committed a slight error in f 69 of the 2d 
aeries, by saying that, after being isolated, the masses at once form themselves 
into spheres. 

% 19. Let us return, for an instant, to the spherules. When a thread is trans- 
formed, the nmall constrictions therein produced become themselves changed 
into still more slender threuds, each of which breaks nt two points, and thus 
ftrmishes. by its middle portion, an exceedingly small spherule, (2d series, \ G2.) 
TOiese last spherules are frequently thrown beyond the axis of iho veiu, im- 
pelled, no doubt, by the movements of the air ; but as their mo3e of genera- 
tion is the same with that of the less minute spherules of which we took no- 
tice above, they also must undergo oscillations of form, and Savart assures us 
that this is the case, though without indicating by what means he verified it : 
the parabolic trajectory described by such of those spherules as are projected 
beyond the vein leaves probably on the eye a trace sufficient to allow the ob- 
servation therein of expansions and nodes; it may he also possible, perhaps, 
to distingaisfa the apparent figure resulting from the passage of those which. 
Twntntniti their position in the axis. 
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S 20. Let as now prodac« anew a sound vhich difoi from tbat of the tcib* 
still continaiDg to place the Bonorons iuetrnmeat in coutaot with the veaseU m 
U to give more energy to the action of the vibrations. We perceive, by TSo. 
12 of § 3, that in this case the last three conclusions of { 13 are iiatincAy in 
accordance with the observations of Savart. There may, it is trae, seem soBne- 
thing Tsgue in the words, ahnost all tottnd*; but they cannot be sapposed to 
signify that ineffectaol sounds alternate with efilBctnal ones. Let as soppose^ 
in effect, for an instant, the iuefficacy of certain tntenneiliate soaada, and 
imagine that the tone of the instmment goes on deviating ia a conttnaoos mtin' 
ner from that of the vein ; then, when we quit one of these inefficacioas soonda, 
it will bo necessary either that the action on the vein, from being nail aa it 
was for this sonnd, increases gradnally to a certain point, which wo&ld be cMi- 
trary to the statement of the nnmhcr eited, according to which the acti<»t di- 
minishes in proportion as we depart from nntson ; or else that this action be- 
comes suddenly energetic, which is scarcely admissible. It is very probable, 
therefore, that the idea of ineffectual sounds, implied in the words, atmotl, all 
totmdt, refers simply to sounds too far remote from that of the vein, which, in 
virtue of the statement in qneetion, must produce but ao insensible action. 

§ 21. It was said, ^ 15, that vibrations differing in period, within ceitaia 
limits, from those of the sonnd proper to the vein, may predominate over the 
onifigarative forces in the generation of the incipient conslrictions and dilat»- 
tioDs; that the transformation thus commenced is then completed after this new 
manner, and that, consequently, the sound of the vein is reduced to uoisoa 
with that of the inetrament. Now, the moat favorable condition for the pro* 
dnctioa of this result must evidently be the contact of the sonorous instrnnuut 
with the walls of the vessel, becanse of the more immediate traosmission of 
the vibrations. And, in effect, while in the case of No. 10 of $ 3, the ph^ 
nomenon can only be realized in an interval of a minor third, here, a» wa see 
by No. 14 of the same paragraph, it extends to intervale of a &tlh above ita 

Srincipal sound and of more than ao octave below ; we may add that Savait 
oes not employ here, as in the former case, terms 'of little precision ; he says 
distinctly that the sound of the vein is reduced to onison with tbat of the in- 
etrument. 

§ 22. An npper limit, so high oa the fifth, seems, at first glance, to be in 
opposition with certain results of our second series. In effect, for the sonnd 
01 the instrument to ascend a fifth, it ia necessary that the number of isolated 
masses which strike, in a given time, against the stretched membrane, should 
increase in the ratio of 2 to 3, and that, consequently, ($ 2,) it should be so 
likewise with the number of incipient divisions which pass, in the same time, 
at the contracted section, and as, under a constant discharge, the length of the 
Incipient divieioas is evidently in inverse ratio with this latter number, it fol* 
lows that, from the principal sound to its fifth, the incipient divisions became 
shortened in the ratio of 3 to 2; but we know (2d series, § 83) tbat when a 
vein of water renders the sound proper to it, the length of its incifuent divt- 
siona is cqaol to 4.36 times the diameter of the contracted section ;* if, then, 
by the sole ^tion of a sonorous instrament, the sonnd of such a vein rises by 
• Afth, the length of its incipient divisions will be reduced to % of the above 
value ; that ia, to 2.92 times the diameter of the contiaeted section ; now, this 
number is a 'little inferior to the limit of stability of Uqaid cylinders, a limit 
which, as has been shown, (2d series, § 46,) is comprised between 3 and a6, 

* SiK'li, at least, ia the value of tho ratio under moilcrale or siron;; discharges ; under a 
WAiik i>iii>, Hie incijiient divisiuna taking, in virtue of the hypolhesia of $ S, a [ann velnmo, 
itMl i>titi-ii<i]urntl7 a less length, the ratio nonld be also le». But we are led to the concln- 
vAMi ibni. <n the eiperimeuu in quesUou, the iluchaige employed by Savart was net of this 
UuiM kUul. . 
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tad yet it was d^nonstrated (Sd wriei. { S7) that when a tiqaid cylinder is 
lx«iisfonitcd, die length <^ its diriaionB cannot be leflfl than that limit. 

The difficulty ia but apparent. The demoDetratinn cited annpoaes that the 
tnuiBformation of the cylinder Gommene«B epontaneooBly, and then it is strictly 
true; bnt it does not apply to the oaae in which the conetrictions and dilata- 
tdoDS are originally formed by an eztraneoas canae aufficiently energetic. In 
affect, the demiHiatration in qnestion conaiata eaaentially In showing that if, in 
tile firat phaeea of the transfcMmation, we consider the anm of a constriction and 
a dilatatioQ— a anm whose length is equivalent to that of a division— all passes 
in that portion of the cylinder aa if ita two bases were solid, bo that the trans- 
Amaatioii cannot be established spontaneously without a sepaiBtion of those 
bases at least equal to the Umit of stability ; but if, in a eylinder resized be- 
tween two solid diska whose distance is a little lesa than the limit of stability, 
the transformation could not commence of itaelf, it ia clear that it will continue 
of' itself if it has commenced &em an extraneous canae which baa accumulated 
llie liquid in a certain quantity towarda one of the disks, so as to occasion arti- 
ficially a dilatation and a constriction sufficiently decided, for evidently, at the 
limit of stability^and in passing from beyond to within it, there ia no sudden 
tnusition from instability to an absolute stability. When that limit ia passed, 
Ae atability must at first be very feeble, since it parts from zero ; consequently, 
at bat little distance within the limit, a deformation impressed artificially on 
Ae cylinder can only be e&ced spontuieoualy if it be small ; if the deforma- 
tion be considerable, it will proceed, on the contrary, spontaneously, and will 
produce the disunion of the maaa. The demonatration which we have recalled 
ooa, therefore, be no longer cited when, in a liquid vein, jhe incipient constric- 
tions and dilatations are formed by energetic vibrations. Then, if the sum of 
the lengths of one of these constrictions and one of these dilatations, or its 
equal, ^e length of a division, is a little interior to the limit of stability, the 
ttaneformation om commence after that anomalous mode, (?) and tha more in- 
tense the vibiutiona^the more will the last sound for which the poeaibility of 
the ph^iomenon exists be elevated above the principal sonnd. If the extra- 
neous sound is below the principal sound, and thus tenda to give to the incipi- 
ent divisions a length necessarily superior to the limit of atability, it will not 
enconnter the kind of resistance which has just been indicated within that 
limit, so that the poaaibiLtyof the phenomenon will extend much further; we 
see, in effect, that in the experiments of Savart it embraces an interval of 
more than an octave. 

There is still another reason why the phenomenon shonld be less limited 
below the principal sound than above ; in the same aonoroua instrument, the 
amplitade of the vibrations increases generally with the gravity of the sound ; 
bnt the more conaiderable the amplitude of the vibrations transmitt^, the 
greater ia the excess of Uqnid which eocii descending vibration tenda to drive 
into the vein to form an incipient dilatation, and the greater also is the with- 
drawal of liquid which each ascending vibration tenda to effect and thns deepen 
ao incipient constriction. If, then, in proportion as the sound of the inetru- 
neul departs from the principal sound, whether below or above, the length of 
the incipient divisiims which the ribrationa tend to form becom^ more and 
more saperior or more and more inferior to that of the incipient divisions which 
the contignratiTe forces tend on their part to form, and if thence there evi- 
dently arises a conflict of progressive intensity with these latter forces, on the 
other hand, below the principal sound, the vibrationa act ipors and more ener- 
getically to canse the new mode of transformation to prera'd, and this augmen- 
tation of action must more or lees conutervail the augmentation of th^ conflict. 

We may remark here, that in the case of a sound very grave relatively to 
the principal sound, the new mode of transformation is not established after 
the same manner aa in the case of a aonnd which does not much deviate from 
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die priudpwl aomd ; in tbe latter ewe. in e fe ct twcraw of die fittle d 
of length Det ween the iitcipient diTiBioiu of the two kinds, it b quite probaUc 
that the confignralive forces Bimplj modify thor proper actimi, aa has been 
already said ia f 15, bj eloDgating or sJtocteiUB^ the incipient divisioBS wlUcb 
correspond with them, so as to make ^lem coincide with those which corre- 
spond with the vibrations ; bnt when the sonnd of the instmmeat is snfficieailj' 
grare for the length of these last divisions to aorpass considerably that of the 
others, when, for example, the iustrument renders the grave octave, and the 
vibrations transmitted arc sufficiently intense to impress upon the vein their 
mode of transformation, it most be admitted that the action of the configurative 
forces is completely destroyed, so that there is no longer a modification of the 
first mode, which adapts itself to the second, but an absolnte eabatitation of 
the second for the first. 

j 23. Experiment folly verifies what has been said above of the variations 
of stability witbio and near the limit, ia a liquid cylinder adhering to solid bases. 
A horizontal cylinder of oil was formed, in the interior of the alcoholic mixtuie, 
between two ^ks* whose diameter was 31 millimetres and their distance S7 
millimetres; the ratio of length to the diameter was therefore, in this cylinder, 
equal to S& so that the figure was quite stable ; this ratio, we see, deviated 
i-omewhat more from the limit than that which we foond, in the preceding pai»- 
graph, to pertain to the incipient divisions of a vein of water hronght by the 
action of a sonorous instrnment to render the sharp fifth of the principal sound, 
in order to alter artificially the cylindrical form of the nuiee, tne point of the 
small syringe was moved slowly, and at several intervals, along the npper part 
of the liquid figure, starting from one of the disks and stopping at very neartr 
the middle of their interval ; the oil thns accnmulates in greater quantity towards 
the other disk, and, during this whole operation, the figure ceoaea not to regu- 
late itself spontaneously iu relation to its axis ; that is to say, it remains one of 
revolution, so as to present a constriction and a dilatation analogous to those 
which result from a spontaneous alteration. Now, so long as the versed sine 
of the meridian arc of the dilatation was less than about 5 millimetres, the mase, 
it' left to itself, gradually recovered the cylindrical form ; but when the sine 
in question attained 5 millimetres, the mass leit iree continued spontaneous^ 
to change its form and ended by disuniting. 

In this experiment, the artificial deformation necessary to determine the spon- 
taneous continuation of the phenomenon Is considerable ; for when, by approxi- 
mate measurement, the versed sine of the meridian arc of the dilatation waa 5 
millimetres, that of the meridian ore of the conatriction was 8 miUimctteB, so 
that the respective diameters of the neck of the constriction and of the equator 
of tbe dilatation wete 15 and 41 millimetres, and hence the first waa acarocly 
more than the third of the second; but let it be remembered that the ratio be- 
tween the length and the diameter of the cylinder was below that which, iu the 
vein, corrcHponda to the fifth of the principal aouod. t Moreover, there are two 
other reasona why the passage of tbe sound of the vein to tbe sharp fifth should 
be induced by vibrations which occasion directly a deformation much leas de- 
cided. In the first placft, from the immediate action of the vibrations, the de- 
formation must increase by the acouired velocities, (^ 6;) and iu tbe second 
place, the divisions, and consequently the constrictions and dilatations, being 
elongated during their descent, (^ 2 bit,) the sum of the leugtba of a constric- 
tion and a dilatation, inferior at first to the limit of stability, bcgius imme< 

■Tbene diik* wer« malnlained by a system similar to that represoDled iu Fig. S7 of the 
■aronil serial. 
t Thin laiiOi but fur an error in tbe coostraction of the small apparatus, would have been 
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cH&tely to npproacli th&t limit, ao that the progress of the transformation after 
the aoomalouB mode originally impressed becomes more facile. 

$ 24. Tfaufl the theory accounts for all the phenomena resulting from the 
a<^ion of vibrationB on veins ejected hi a descending vertical, for all those at 
least which Savart describes in a precise manner. We pass to veins ejected in 
other directions. And first, since, in these veins, there is equally a transform- 
ation into isolated masses, sounds must necessarily exert on them an influence 
analogous to that which they exert on veins ejected vertically from above down- 
wards ; No. 15 of { 3 has therefore no need of explanation. 

§ 85. But this is not the case with No. 16. If all the divisions, on attaining 
one after the other the extremity of the continuous part, became isolated in 
identically the same manner, and if all the masses ported from thence with the 
velocity precisely corresponding to the movement of translation of the liquid 
at that point, these latter would all describe exactly the same trajectory, and 
then the discontinuous part of the vein could present no dispersion or sheaf- 
like jet ; there are irregularities, then, as Savart remarks, in the emission of 
the isolated masses of the extremity of the continuous part ; yet these irregu- 
larities mast be very small, as the abeaf boa no great extent. I hod thought 
at first that they proceeded from the same causes with those which were con- 
sidered in S 10. But if that were eo, the suppression of the extraneous action 
would cause tbe aheaf to disappear and thna reduce the whole vein to a single 
jet; but this is what experiment has not confirmed: by employing, in regard 
to such a vein, the means nsed by Savart in tbe case of aescending vertical 
veins — that is to say, by receiving tbe dieconttnuona port on a thick board, suita- 
bly inclined, and by placing soft bodtea nnder tbe veasel from which the vein 
isBtes, under that iu which it ia received, and under tbe supports, I have not 
succeeded in prodncing any considerable diminution of tbe sheaf. We must 
infer from this that the irregularities are not owing to the vibratory move- 
ments, and that, consequently, theyaffect tbe action itself of the configurative 
forces. We perceive, in effect, that, considering the nature of the phenomenon 
of transformation, even slie-ht disturbing canses must have an influence on the 
perfect identity of all tbe divisions which arise one after the other at the con- 
tracted section; we have seen, for example, ia tbe experiments of 5§ 60 to 55 
. of the 2d series, on extraneous cause alters the equality of length of the divi- 
sions of a cylinder. This premised, we proceed to show that small differences 
of this nature in the incipient divisions of a vein, ejected under a suitable ob- 
liquity, mnst necessarily give rise to a certain 'dispersion of the discontinuous 
part. 

Let US consider particularly two of the constrictions with the dilatation 
which they comprise between them. As we have seen, each of these two con- 
strictions, at first very feebly indicated on quitting the contracted section, after- 
words deepena gntdnally in the. transit of the continuous part, by transferring 
half of its liquid to tbe dilatation ; this then receives, by its anterior extremity, 
a portion of tbe liquid which ia driven in a direction contrary to the movement 
of translation, and, by its posterior extremity, a portioo which ia driven in the 
same direction with tbat movement, so that its velocity of translation tends to 
be diminished by tbe first. and increased by the second of these accesaions. 
Now, although these two opposite actions are in general tmequal, because tbe 
anterior constriction is, at each instant, in*a little ipore advanced phase of 
transfommtiou than the posterior, yet if the two coaatnctiona were pertectly 
identical at their respective inceptions, and if, in tbe sequel, they have under- 
gone identically, though not precisely at tbe same instant, the same modifica- 
tions until their respective ruptures, it is evident that after these two ruptures, 
that is to say, at the moment when tHe dilatation exists in the state of an iso- 
lated mass, the sum of the quantities of movement supplied to tbia mass by 
the anterior coostriction will have been absolutely compensated by that of tbe 
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nantitiea of movement which hkT« been anp^ed, in the otfter direction, by 
' po^r.erior conBtriction, and th«t bence this mass irill qnit the continnoai 
: with tiifl Telocity cxtctly eorreepocding to th« general morement of tmw- 
latioa. Bat it is clear that liie compensation will be no longer entire if tbe 
two constrictions differed in ibeir inception ; if, for example, they were unequal 
hi length : it reenlts from the less dnration of the trKnsfoTmation when the 
divieionB are loDgH, (3d scries, § 66,) and when, conseqtiently, the eonstne- 
tions ore longer, that the more elcmgated of the coostrictMOB in question will 
deepen more rapidly thaa the other, and as, in Tirtne of ita exoess of Icngdi. 
it comprises more liqnid, it will coavoy into tbe diUtati»n a greater afflnx of 
material with greater velocities, and coneeqnently a greater qoantity of movcK 
ment. If, then, this constriction is the posterior one, the mass will quit tbe 
contracted section with an excesi of vcdocity, and if the anterior, with a ddeet 
of velocity. Thns, alight differences of length in the incipient constrictioBa 
will result in establishing small inequalities in the velocities of the snccessirs 
bolated massee ; bnt these masees will then, necessarily, traverse paraboln 
of unequal amplitude, and will, conBequently, be spread ost in & vertical plaD«i 
tlins fVinniog the sheaf. 

This cxplooation supposes that the disturbing causes do not prodnce, in tha 
coustrictioDB, any irregularity in directions perpendicular to the axis of tbe 
vein; and we are led, in effect, to conclude, from the experiment of § S3, that 
tbe constrictions and dilatations tend widi great force to a symmetry in rela- 
tion to the axis, and that hence irregularities in a direction perpendicnlar to 
this latter cannot be persistent. It is clear, also, from this explonalio)! that 
there are two extreme limits for which the disperaioa is necessarily nnll, 
namely, when tbe vein is ejected vertically from above downwards and vetti- 
oalty from below upwards, sinoe, in these two ca*es, all the isolated maasea 
perform the same rectilinear trajectory;'" if, therefore, we pass from the first 
to the second by gradually varying the dinjclioa in which the jet is thrown, 
the sheaf cannot begin to ehotr itself in a very distinct manner except ob 
attaining a certain angle between that direction and the descending verdcala 
■nd it will cease to be very dtetingnishable beyond a certain other angle. 
Moreover, bo long as the vein is thrown in directions descendiug obliquely, luid 
even in a horizontal direction, it will be readily conceived that at the extremity 
of iU continuous part, a part which ia generally of quite consideraUe lengthi 
it will already approach too nearly to the vertical to allow a very clearly 
narked sheaf, so that the first direction which will b^n to render Uie sbeaf 
distinct will he one ascending obliquely. All these coucluBions are in accord- 
ance with the facta of the number we are considering. 

W'o admit, it will be seen, tliat the inequalities between the incipient co»- 
Ptrictions do not depend on the direction in which the jet is thrown ; and there 
I* HO plausible reason, in effect, for attributing theee inequalities to the ascend- 
ing obliqnity of the jet. If we have not Bpoken of them is treating of veina 
(h>i>ri'nding vertically, it is because, in the latter veins, they cannot give rise 
Ki itny appearance of a peculiar kind ; they then do no more tfaam evidently a 
little sngment, in the axis of the vein, the inexactness of the superposition of 
Ih^ individual systems of expansions and nodes, and thus simply constitute an 
twllHrnro to be added to those mentioned in { 10. As to the nature of the dis- 
Mriiii'g causes which produce the inequalities in question, it would doubtless 
W ditbcutt to discover it ; bat, whatever it be, the dispersion of the discon- 
^wiuf part in veins directed under a suitable angle reveals to us the preaouce 
^ii those causes. 

a wtn qocted verticanj &<Mn b«Iow npnardi, tlie liquid seatters, it Is tme. in falling 
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$ 86. Now, a van being pn^eeted under mA an angle tbnt the ihtmf ehsH 
be weU formed, let as enlniiit it to tbe influeaca of a sonoions inetrnment. The 
Bonnd which will most ahorten the cootianons part will still be evideDtly that 
whose vibratioas Bucceed oao another at the name iaterrals vhtch the constrio- 
tkoB and dilatotioiu dae to the confignn^ve forces {^\ 5 and 12) obBcn-e ia 
their pasBage at the ooatractad sectiim. Bat tbeie Tibiationt being perfectljr 
regular .and iaoehron<uu> they will prevent, if they hare anffieient inteueity, 
the diBtnrbing caoaeB fFom modifying thetncipiMiteonBtnctionB; in other terms, 
in influencing the traneformation, they will impart to it ^eir own regularity, so 
. that all the incipient coastrictionB will haye the same length, and hence mH 
the iaolated masaeB will fallow identically tiie same Ir^ectory (^ preceding;) 
tinder the influence of this Bound the sheaf will disappear, and the whole ^ 
the vein be reduced to a single jet preaeoting a very regular Byatem erf ezpan- 
skniB and nodes. 

^ 27. As to (he singular effects of reduction of the sheaf to two or three jets 
under the inflneaoe of other sounds, it would be necessaiy, in order to attempt 
an explanation, to know the relationB of the sounds in qnestioa with the princi- 
pal ones — relatione which Savart nowhere indicates. Bat as these phenomena 
are not the least cnrions of those which result from the action of vibrations on 
liquid veins, I have decided to attempt this investigation. 

The orifice I employed had a diameter of 5 millimetres; it was pierced in 
the centre of a circular plate of bras^ of 12 centimetres diameter,* bo inclined 
that the jet might be projected at an angle of about 35° above the horizontal ; 
this pUte formed one of the bases of a cylindrica! drum which communicated 
by a horizontal tube, wide and short, with the lower part of one of Mariotte's 
lar^ vases ; the discharge was of 34 centimetreB, the Bonorous instrument was 
a violoncello, the base of which was made to rest on the suppcnta of the ap- 
paratus. 

The Bheaf being well developed, the attempt was made in the first place to 
ascertain by approaches the principal sound, or, in oUier words, that which pre- 
cisely redaced the whole vein to a single jfet with a regular system of expan- 
sions and nodes, and which, at the same time, causad the first expansion to arise 
very near the orifice. This point being attained, the sound of the instrumeat 
was raised by successive semi-tones. Under the influence of the vibrations 
thus commanicated, the jet first lost its regularity, next the sheaf gradually 
reappeared, and afterwuda was maintained without being reduced to either two 
or three jets. A return was then made to the principal sound, and from that 
point the sound of the instrument was caused to descend, likewise by semi- 
tones. The some efiects, the alteration, namely, of the regularity of the jet 
and the progresBive reappearance of the sheaf, were now manifested; but, on 
approaching the grove octave, a tendency to the change of the sbeaf into ft ' 
doable jet wis remarked, and when this last sonnd was reached, the sheaf was 
distinctly replaced by two jets with regular systems of expansions and nodes. 
The sound continned to be lowered, and the two jets still to appear, until tbe 
third below the grave octave was atttuned ; still lower, and so long as the double 
grave octave was not reached, sometimes. two and sometimes three jets were 
obtained ; the fifth, however, sometimes yielded a single jet; finally, for the 
double grave octave, three jets were constantly observed. In all theee cases, 
the jets continued each to have its system of expansions and nodes. 

Iheae facts are less restricted than those stated in No. 16 of § 3; according 
to that number, in which the purport of Bavart's expressions is reproduced, it 

* A diameter so considerable wm empWed Trom the oece«aUy or loaving sufficient liberty 
to tb.« vibrutions of the plate. Without lEurt liberty, the vibratiom of the riq\iid which flows 
towards the orifice wonid be impeded, and would hence loee some of their ac* '*' ~ ~~ 
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voold be OD^ under the infliteuee of tbe prindpal sound that Xt» sheaf woold 
be contracted into « single jet. and there woald be only two other definite and 
different sonndfl which would canee to appear reepectiTelr two and three dis- 
tinct jets. Buttbeabieneeof an indicottOD of the relation between these sounds 
and the principal one enfficea to show that Savart has not giren close atten- 
tion to the pheoomena of this. kind, and that after baring observed them in 
isolated eases, he did not inquire whether tbej were siucepahle of extension. 

§ 28. Let ns see now if the theory will account for theae phenomena. We 
will begin with the grare octave. Vor this sound, the duratioa of a vibration 
is doable that of the passage of a cmistriction or a dilatation at the contracted 
•eccion, whence we may coodude without hesitation that the divisions which 
would originate under the sole action of the grave octave of the principal sound 
would be double the length c^ those which would be produced by the isolated 
action of the configuimtive' forces. From this we may admit that each of the 
ftirmer comprises exactly the sum of two of the latter; for in this way, at all 
the sections which terminate these sums or couples there is evidently an abso- 
lute concurrence between the two kinds of action, the eectious in question con- 
stituting at onoe the centres of the constrictions which would result from the 
vibrations, and centres of the constrictions due to the confi^^irative fncces. 
Now, let us examine what will pass, during the transformation, in any one <J 
these couples of divisions. The couple being composed of two entire divisions, 
contains two dilatations which comprise between them a constriction, and is 
terminated by two semi-constrictiona. Now, while the entire constricuons to 
which these terminations pertain are,, as we have seen, lavoted by the vibra- 
tions, it is plain that the intermediate constriction is, on the contrary, in con- 
flict, since its middle, which is the middle of the .couple, corresponds to the 
middle of the division which the vibrations tend to produce, and coascqueallv 
to the middle of the dilatation of the latter; thus each of the dilatations which 
the coofiguradve forces give rise to in the vein is adjacent to two dilatations 
unequally solicited. Uoreover, the constrictions favored by the vibrations must 
be elongated undertbeir infiuence, since the constrictions which the latter would 
of tbemeclves produce would have a length twice greater, and as the length 
of each of the couples of divisions above considered remains the same as in the 
absence of the sound of the instrument, it follows that the conatrictions inter- 
mediate to the preceding, that is, those which occupy the middle of the couples 
and which are in cotiflict with the vibrations, must be shortened. We m^ 
therefore admit that the favored constrictions, althon^, from the beginning, 
tfaey are more slender than the constriction in conflict, still contain, because of 
their excess of length, more liouid than the latter ; and since, for the double 
reason that they are longer ana are accelerated by the vibrations, they arrive 
more rapidly at their ntptnre, we perceive that they will transmit to the dilata- 
tions more matter with more velocity, and consequently a greater quantity of 
movement. All the dilatations will thus be found in the condition analyzed in 
§ 25, and consequently the isolated masses, on abandoning the continuous part, 
will have some a small excess of velocity and the others a small deficit of ve- 
locity. But here the vibrations, impartiag their regularity to the phenomena, 
render all the favored constrictions, at their origin, identical among themselves, 
and in like manner render identical among thciuBelvea all the conatrictiona in 
oonflict, BO that all the masses formed by tbe dilatations which, in the line of 
the continuous part, have behind them a faivored constriction, leave with the same 
excess of vcloci^ and consequentiy describe the same trajectory, and all tba 
ntasHOS which proceed-fromdilatationshavingafavoredconatriction before them, 
leave with the deficit of velocity and also describe the same trajectory ; hence, 
vuder the influence of the grave octave of tbe principal soimd, the sueaf ought 
!• bo replaced by two separate jets. 
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Tet it wonld not be hiipoeeibl« tbat the Mtnnd nnder eoneideration •might 
caTiiie the ehenf to disappear; iu effect, this mnnd being; already very grnve, 
at least in ro^rd to the rein npon which I operated, its Tibrations have much 
amplitude, and might ($ 22) act with enfficient energy to prevent the formation 
of the conetriclionB in conflict, and tbuB leave in the vein only the divisions 
which they tend of themselves to produce, in which case all the isolated maeses 
would necessarily have the tame velocity, namely, the normal velocity. 

Let U3 examine, in the second place, the inflnence of the grave fifth of the 
prect^din^ oound, or, in other wortts, of the double grave fifth of the principal 
sound. I'bc vibrations of this double fifth being three times less rapid than 
those of the principal sonnd, it may readily be concluded that eacn of tha 
divisions which they tend of themselves to occasion in the vein comprises 
exactly three of the divisions due to the confignrative forces. We see, more- 
over, that, of the three Jilatationa contained in this assemblage of divisioos, 
the laat has behiod it a favored constriction and before a constriction in con- 
flict, while the foremost has, on the contrary, before it a favored constriction 
and behind a constriction in conflict, and, finally, that the intermediate one is 
'between these two constrictions in conflict, which are identical with one another 
at their respective origins. Hence the quantities of movement will necessarily 
be dietribnted, in the isolated masses proceeding from these three divisions, in 
Buch mannef that the last will quit the continuous part with a velocity superior 
to the normal velocity, the foremost will acquire a velocity inferior to this 
normal velocity, and the intermediate will qnit with the nomul velocity itself; 
and as, still on account of the perfect regularity of the vibrations, the circtim* 
stances are identically the same in each of the systems of three divisions, there 
can be, in the discontinnons part, but three different velocities. If, then, the 
action of the vibrations do not mask entirely that which, before its influence, 
the confignrative forces freely exerted, the sheaf will be resolved into three 
distinct jets; and if, on the contrary, the action of the eonflgaradte forces is 
completely controlled, which ought to take place even more easily than for 
the grave octave, on account of the still greater amplitude of the vibrations, 
there will be but one jet. as we have shown to he the case above. 

As to the separation into two jets, nnder the influence also of the double 
grave fifth, a result which experiment equally yields, we can account for it in 
the following manner : When the action of the vibrations is preponderant, and 
there arise, at the contracted section, only the divisions which it determines, 
these have a greater length, since each of them occupies the place of three of 
the divisions which the confignrative forces would form ; but we know (2d 
scries, $ S5) that every liquid figure, of which one dimension is considerable 
relatively to the two others, tends to separation into isolated masses ; we can 
conceive, then, that in the divisions in question, if tbe acquired transverse 
velocities are not sufficient to oppose it, there may he new confignrative forces 
developed which separate each of these divisions into two others by hollowing 
out a constriction in its middle, and, as all constrictions thns produced are 
evidently in conflict, tfle reasoning employed in r^ard to tbe grave octave 
shows that we ought then to obtain two jets. 

Let UB remark here, that the anomalous confignrative forces, to which we 
have just had reference, could fcrm, in each large division, only one constric- 
tion ; if they formed two, which would spparatfe each large division into three 
small ones, these would have the same length with tbe divisions of the vein 
not submitted to tbe influence of tbe sonorons instrument ; but, for this to be 
possible, it would be necessary that the new divisions should not experience 
more resistance in their formation than in the absence of all extraneons action ; 
fbr we may conclude from what takes place ia cylinders (Sd aeries, §§ 58 and 
S9) that, in every liquid figure, more or lees ooalogous, w length of tbe divl- 
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wuns iacreaMS widi tli« Teristaaee; now, the acqmred transTerse velocities 
euamg, in our Ivge dhisioiiB, a tendency to persevere in the mode of trans- 
furmatioa impreeMd by the vibrationi, conBlitnte a reeietance to any ftirtber 
■eparstion. 

We pftss, in tb« tliiid pUce. to tb« doable grave 'octave. Here, eacb of tlie 
divisioas whicb would arise nnder the sole action of the vibrations, would evi- 
dently comprise four of the div^iotis vhich wonld remit from the confignmtive 
forces aloae. Now, if these two actioas were combined, it would seem that we 
riioold biive four distinct jets ; for it is easy to see that in the three constrie- 
tioae wliich would then be formed, the conflict wonld be unequal ; that it would 
be etiOQEer for the middle ooastriction than for the two others, so that eacb of 
tbe two oilatatioDs oomprieed betweeo these three coostrictions would receive 
from the two sides nneqnal qnantitiee of movement, and that the differences, 
in fine, would be greater for tbe two extreme dilatatioDS, each of which would 
be comprised between a constriction in conflict and a favored constriction. 
Sot, on tbe one band, the vibrationB in question having a considerable ampli- 
tude, we can osdetstand that their action must always efface that of the con- 
figurative forces, and, on the other band, the divisions formed in this mauQer 
being very long, we eqnall^ perceive, from what has been said above, that new 
ooolignrative forces must be generated whicb wonld effect the separation ; now, 
by reaxon of tbe resistance also indicated above, this separation 'should here 
yield but three part« at most, which, in view of the distribution of conflict* 
and eoncurreaces, and tbe regulating action of the vibrations, must couvert the 
Bheaf into three jets only. 

There remains, in the fourth place, the action of tbe sounds comprised be- 
tween the grave octave kn3 the fifth below, anA between the latter and the 
double grave o«tave. For these soonds, there is no longer any simple relation 
bet,ween the lengths of the divisions whicb would result respectively from tbe 
vibrations alone and horn, the configurative forces alone; but it will bo admitted 
without difficulty that, under tbe inflnence of those which approach, whether 
above or below, the double grave fifth, and in tbe case where tbe effect of tbe 
vibrations is not completely substituted for that of tbe configurative forces, the 
diviKions due to these forces are a little shortened or elongated, so as to allow, 
at the limits which separate the successive systems of three of these divisioi^ 
the absolute concurrence of the two kinds of aetion, and thus to re-cstablfsh 
tbe simplu ratio of 3 to 1 pertaining to tbe double fifth ; whence the resolotion 
into three jiitu. Under this same infinence, as under tliat of the donble fifth, 
if the vibrations are preponderant, but not suffidently so to oppose an ulterior 
development of configurative forces, each large division can be hut separated 
into two, so that tbe discontinuous part of the vein shall present but two jcta. 
It will be abo admitted that the sonnds nearest to the grave octavo will cause 
the mode related to this latter to prevail, and that in Uiia case tdeo the sheaf 
will never change eze»>t into two jets. As regards tbe sounds which do not 
depart too much from the double grave octave, me vibrations have always snf- 
fiaient amplitude, and coaeeqnently sufficient action, t^overpower tbe ordinary 
coufignrative forces, and at the same time the divisions to which they give rise 
aie uwaya sufficimtly long to admit of eacb of them Babsequently undergoing 
^■fparation. which divides it at most into three, and may also separate it into 
bat two, if it encounters a greater resistance on the part of the vibrations ; and 
bence two jets or three. As to the systems of expansions and nodes which 
■le observed in each of tbe jeta, they are pLunly a consequence of the acquired 
tnaaveise velocities which proceed from the action of the vibrations. 

i )ti. It may be asked why, above the principal sound and between that and 
IM EiaTB octave, no sound, with the exception of those which approximate to 

^HC two last, had oocaaioned, in the exp^ments deseiibed in J S7| anything 
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uulogons to the phenomena Thich we hav« jost been cimBMeringt in efieet, 
for the simple grave fifth of the principal aonnd, by way of eiample, it will 
readily be Been that the length occupied by the earn of (wo of the diraions 
due to the vibrations alone would be equal to that occupied by the Hum t^ three 
divieiona due to the configurative forces, bo that by imagining thcee two Buma 
Buperpoecd and combiaea, there would be a concurrence in the two conatric- 
tious of which the terminatiouB of the eystem would constitnte a put, and con- 
flict in the two intennediate conetrictioua pertaining to the second of the two 
sums under consideration; and since these two conflicts would bo eqnal, we 
might expect, agreeably to our theory, to see the sheaf give place to three jets; 
and we miglit also expect, for analogous reasons, the manilieetation of three jetB 
onder the influence of the fourth aluirp, and of two jats under that of the fifth 
sharp of the principal sound. 

But, by oar theory, the appearance of one, two, or three jel« in place of the 
fiheaf snpposea, as ve have seen to be the case, that the vibrations communi- 
cated to the liquid should regnlate what passes in the vein, and this requires 
that they should have an energy of action capable of nentralizing the effect of 
the diBturbing canaes which tend to establish, in the succeeaive constrietioDs as 
they arise, inequalities of length not symmetrically'd iatri bated ; now, all things 
being otherwise equal, the action of the vibrationB on the vein decreasing with 
the amplitude of uiese vibrations, we can conceive that above the grave octave 
cf the principal sound this action may simply be insoffieient, and that if it had 
been possible to augment, by a more immeoiale transmisstoa or by a bett«r dis- 
position of the system of the orifice, the amplitude of the ribrationa communi- 
cated, the three sounds indicated above would have ceased to show themselves 
inactive in regard to the sheaf. This will become cedent, if we observe that 
the vibrations act on veins projected obliquely in the same manner as on veins 
directed vertically from above downwards, and if we recall that, in the experi- 
ments of Savart mentioned in No. 14, $ 3, and explained in ^ 21 and SS, ex- 
periments in which everything was so armnged as to pve great intensity to 
the vibrations communicated, the mode of transformation imparted by these 
last, was completely substituted for that of the confignrative forces, even as re- 
gards Bounds extending to the fiAh sharp of the principal eonnd. 

Wo have spoken of the possible influence of a change in the system of the 
orifice, and this because the orifice employed in my experiments was pierced in 
a very thin plate, (being but about haJf a millimetre in thickness,) and henoo 
this plate vibrated, perhaps with difficulty, in onison with "sounds not having a 
certain degree of gravity. 

§ 30. Wo have now, in order to finish the theoretical examination of the 
influence exert«d by vibratory movements on liquid veins, only to show the 
connexion of the theory with the facts of No. 17, of $ 3. 

Since the principal sound is>also that (§§ 5, IS, and 26) for which the dura- 
tion of a vibration b equal to the duration of a constriction or a dilatation at the 
contracted section, and since, from experiment, the number of vibrations cor- 
responding to that sound proportionally diminbhes as the direction in which 
the jet is thrown departs from the descending vertical, the same is necessarily 
the case with the number of incipient couBtrictioas and dilatations, and conse- 
quently with the number of incipient divisions. But, as the velocity of dis- 
charge of the liqnid is obviously independoit of the direction of that discharge, 
the number of divisions which originate in a given time can only decrease 
notably by an augmentation in the length of these incipient divisione ; hence, 
with the same discharge and the same orifice, the incipient divisions continue 
to lengthen in proportion as the direction of the emission of the vein departs 
moi« &om the descending vertical. Now, this result is directly dedncible from 
the hypothesis of J 2. la effect, wlulo a vein directed vertically from above 
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(townwarda tendb to grow more slender hj reason of the acceleradoa of tbe 
movemeat due to gravity, a vein directed vertically from below upwards, on 
the coDtrary, tends to grow thicker ou account of the retardation due to gravity ; 
and eince, according to the hypothesie in queation, the progresBive attenuation 
of the Tein directed from above downworua occasioue, oy virtue of the recip- 
rocal dependence (lolidarilej of the diviaiona, a diminution of length in the 
incijiient divieiona, the thickening of the vein directed from below upwards 
muat, for the same reason, occasion ao augmentation of length in the iautpicut 
divisions ; whence it follows that, when the direction of the emission of the 
vein passes progressively from the first of these cases t^ the second, the inci- 
pient divisions will continue gradually to grow longer. 

As is seen by the number under discussion, from the direction of the descend- 
ing vertical of the vein to the horizontal direction, the lowering of the principal 
sound is inconsiderable, but it becomes coneidereble from the horizontal direc- 
tion to that of the ascending vertical, which implies that the same shall be the 
case with the lengthening of the incipient divisions. Now, this fact also flows 
from the hypothesis of § 2 : in-effect, the vertically ascending vein tends to be 
much more thickened, especially towards its upper extremity, on account of the 
gradual annulment of the Velocity of the liquid, than the vertically deecending 
vein tends to become slender at an equal distance &om the contracted section ; 
consequently, and still in virtue of the solidarity of the divisions, when the vein, 
thrown at flrst in the horizontal direction, continues approaching the ascending 
vertical direction, the snecessive augmentations in length of the incipient divi- 
sions mast become much greater than when the vein, quitting the vertically 
descending direction, attains by degrees the horiaontal direction. 

The (acta observed, being tfius connected in a necessary manner with tho 
hypothesis of f 2, serve reciprocally for confirmation of the latter, and it was to 
them that we had allusion wnen we said (§ 2) that this hypothesis was sustained, 
by the results of experiment. 

\ 31. In terminatmg the second series, we announced that in the present one, 
after completing what relates to liquid veins, we should treat of figures of equi- 
librium other than the sphere and cylinder, but in order not to give too quch 
extension to tliiB memoir, we have d«dded to reserve the latter subject for an- 
other occaaion. 

Note. — Since the publication of our theory of the constitution of liquid veins, 
as explained at the end of the previous series, the discussion of such veins has 
formed the subject of several snecessive pnblicatitfns, which we propose briefly 
to recall. 

lu 1849 M. Hagen presented to the Academy of Berlin a memoir on the diaki 
v)hick are formed at the meeting of two liquid vein*, and m the resolution <^ ' 
isolated liquid vein* into drops, (Poggendorff's Annalen, vol. Ixxviii p. 451.) The . 
ezperimcnt-B made by the author on isolated veins conduct him to a law, in re- 
gard to the relations between the length of the continuous port, the discharge 
and the diameter of the orifice, which does not seem to him to coincide with 
those of Savart. We are convinced that the disagreement is but apparent. In 
fact, Savart has only giron his laws as approximative ; and besides, as wc have 
shown, (2d series, J 80,) these laws only constitute limits which the reenlts of 
experiment approach the more closely as, for a definite orifice, the least of the 
discfaargea employed is stronger, and as, for a less but definite discharge, the 
orifice is smaller. As to the phenomenon of the lesolutiou into isolated masses, 
M. Hagen, who could have no knowledge of our theory, the latter having been 
• then too lately published, hazards the conjecture that Uiis resolntion is probably 
attributable to tne capillary forces. 
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In 1851, M. Billet-SeliB pabliBbed, in the Annala de Ckimie et de PJiynqtie, 
(t. xxzj^. 336,) a notice on the meaiu of obtennng the ctnuCilution of liquid 
veiMt, He there describee two different proceeeea : the first is that which wa« 
indicated some lime ago by myself for the obaerration of rapid periodical tnove- 
mentB, the employment, namely, of a revolving diek pierced with narrow elitB, 
equidistant and in the direction of the radii ; toe second, which ia an ingenious 
modification of that of Sarart, consists in producing, by help of a large concave 
mirror, a real and inverted image of the vein, under sach an arrangement that 
the vein find its image shall appear confoiinded. I will recall, in tbis connex- 
ion, another process, communicated in 1846 to the Academy of Sciefices at 
Paris by M.Mattcncci, tCvnpt f f fiendut, yo\, xzii.p. 260,) which is a happy ap- 
plication of that devieea by M. Wbeatetone, for the case of rapid movements : 
It consists in illuminatiiig the vein by a strong electric spark. 

A memoir entitled Nouvelle TAeoriedrl'EcouUmentdet lAmidti was presented 
to the Academy of Sciences of Paris, (February 26, 1855.) by M. Dejean, but 
b generally known only by a short analysis, which we owe to the author him- 
self, and which was inserted in the scientific journals j this treats, among other 
subjects, of the constitution of liquid veins projected from circular orifices, and 
of the action exerted on them by vibratory movements. M. Dejean admits, 
for the case in which the vein is withdrawn from all extraneous action, the ex- 
istence of the pulsations which Savart supposed to be produced at the orifice 
by the cflinx itself, and he seeks to explain these pulsations, the laws relating 
to their number, and a part of the phenomena which depend on the influence 
of sounds. The analysis in question makes no mention of our theory. 

Still another memoir, entitled Reeherehct Hydratdiquet, was presented, about 
the same time, by M. Magnus, to the Academy of Berlin, (Poggendorff's An- 
ttalen, vol. xcv, p. 1 ) The author occupies himself chiefly with tbe phenomena 
which are manifested when two veins meet nnder certain angles, and with the 
different aspects assumed by veins which issue from orifices of different forms j 
but he speaks also of' the Gonstitntian of veins escaping from circular orifices 
and of the influence of sounds. M. Magnus, who likewise mokes no mention 
of OUT theory, attributes the separation of the masses which compose the die* 
coutinuons part to the increasing inequality of the velocities of two contignous 
horizontal strata of the liquid of the vein. As to the manner in which the 
sounds act, the little that he says reverts to the idea of Savart of which we 
have ourselves mode nse in the present series, that, namely, of successive com- 
pressions and tractions exerted or the vibrations, but he combines it with his 
own opinion on the formation of the discontinno.ns part 

Inasmuch as the theory which we have developed at the close of the second 
series is not based, as regards its fundamental principles, on hypothetical con- 
siderations, hut is the n£ceasary consequence of results of experiment; as it 
gives an ezplauatioa of all the details and of all the laws of the constitution 
of veins projected from circuiar orifices and not sabjected to tlie influence of 
vibratory movements ; ail the present series, finally, renders equally an account 
of all the phenomena occasioned by this last inflnence, we hare thought it use- 
lew to enter into any discnasion ui r^;ard to the above theories. 

S3 a 
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FOVBTB SCBIEB. 

Figuret of egttilibrium of rnciulum, other than the tphere and the cylinder' 

S 1. Tbe preceding aeriea having completed tho theoretical Btnd; of the liqtdd 
Xtva, wo return to liquid masseB withdrawn from tbe action of gravity, and pro- 
poee to proaecnte the examination of fi?aieB of eqnilibdam of revolution. 

Let it he remembered, in the first, place, that if we dceignate bj B and R' 
the two principal radii of curvature at the same point of the free aurface of a, 
liquid maaa virtually without weight, and by Cf a constant, tbe expreaiioo of 
the general condition which such a eur&ce abould satisfy in a atato of equilt- 

hrinm is (3d aeries, § 5) ^+^,=0, an ezpretsioo in which B and B' an 

positive when they pertain to convex curvatnres, or, in other words, when tbey 
are directed to the interior of the mqss, and negative in the opposite case ; let 
it be also rememhered' tb&t this equation b a simple CransforiDation of that 
which implies that the pressure exerted by the liquid on itself, in virtue of the 
mutual attraction of its molecules, does not chango from one point to another 
of tbe surface of tbe mass, (ibid, ij and be it remembered, lastly, that, accord- 
ii^ to a known property of surfaces of revolution, if tbe figure of equilibiiom 
pertains to that class, one of the radii R and R' is tbe radius of curvature of 
the meridian line at tbe point under consideration, and the other is the portioa 
of the perpendicular comprised between the point in qneetion and the axis of 
revolution, or, as may be expressed more simply, tne perpendicular to that 
point. 

In this eaxe, that is, in the case of surfacea of revolntion, the preceding ex- 
pression, put in tbe differential form, ia completely integrable by elliptical Ainc- 
tions, so toat the forms of tbe meridian lines may be deduced from it, and it is 
this which M. Beer has proposed to do in a recent medioir,* in which, for the 
second time, he has done me the honor of applying the c^lculos to the results 
of my experiments i and, besides this, a property discovered by M. Dehranayt 
by means of the calculoa, and since demonstrated geometncvtlly by H. La> 
marle,t enables ua to attun tbe same object without having recourse to ellipti- 
cal functions. We shall speak, in a proper place, of these reaources of analysis 
and geometry; but, in the present series, we purpose to arrive at the forms of 
tbe meridian lines, at all their modifications and all their details, by a reliance 
upon experiment and by avEuling ourselves of simple reasoning applied to the 
r^ation which the equation of equilibrium establishes between the radius of 
curvature and the perpendicnlar. Our undertaking, in which experiment and 
theory will proceed aide by side, may thus serve as a verification of tbe tatter. 

To avoid all ambiguity, we will replace the letters B and B' by the letters 
li and N, the first of which will be understood to designate that one of the 
two principal radit of curvature which pertuns to the meridian line, and tbe 
second that which constitutes tbe normal or perpendicular; eo that, as regards 
figures of revolution, the general equation of equilibrinm will be, ^rH-^=C. 

f 2. This notation being adopted, we shall proceed, first, to demonstrate that 
the sphere is the only figure of equilibrium of revolution whose meridian line 
meets the axis. To this we may add the plane, if we consider it as tbe limit 
of spheres, or as tbe surface generated by a right line perpendicular to the axis. 

"Trtlatiu it Tktnia Uathtmatiea PhaaomtnarKin i» Ligmidit Aetiam OnnUti* D*- 
Umctii ObttntlVTjm, Bonn, 1857. 

I Air la Sutfaet i» RatoliaUm ioM U Cemrtun JKofiMM ttl Caattantt. Jonnal da If. 
Lionville, 1641, I. vi, p. 309. * 

t TAwric Qtametriqiit da Bagmu et CoUru d$ Camrian, Bnlletiii da VAmmA., ISSJ, Sd 
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Let OS conoeire a figtm of eqailibriain of revolotioii not being eitber ii 
H)bero or a plane, and whoso merioiau line meets the axis. I maintain, in tb« 
fint place, Uiat this line can attain the axis only perpendicolarty . In ^ect, if 
U intersected it obliqnely, w if it were a tangent to it, the perpendicular would 

be null at the point of intersection or of contact, and the qoantitj ts+^t wonid 

become infinite at that point,* while it would be of finite ralne at ueighboring 

* Tbere ia one cass, howsTer, ia which this rensoiiiiig woald seem not to b« applicable. 
We mu}' conceive a carve aach that, at the point where it meets the axis, the radius of cnrra- 
tnie wonld be null, and that in the n^hborhood of tbie point the ladlna of corrBture and 

Om perpeadicolar would be of eppodte aigni ; then the qnanUtj- w + ^ would oonstltate a 
^ffereace, of which both temui would at ooea become infinite at the point situated on the 
axis, aud it is not appaient, al the first glance, that this difference mi^t not remain finite. 
We have to demcnetrate, theiefom, that the thing is imposaible if the curve doe* not meet 
the Biis Donnallf. For that pnipoee, bnt only in this case, we shall be obliged to make nw 
of the known expreofdons of the radiiu of cnrvatore and of the perpeadicuhu in functions of 
diffBiential coefGcieote. 

If we take the axis of leTolntloo u axis of the abecisue, we shall have f and ;, respect- 
ivdj the di^rential coeffidents of the first and second order of jr relativelj u> i : 

M-<1+!:^ (1) 

9 

N=5(l+pV* (2) 

whcnice ne deduce, for the relation of the two tenns of the first member of (he equation of 

|=1±S (3) 

Ifow, let ]r=/(ijbetheeqiiatiooof the meridian line. Taking as origin of the co-ordinalee 
the point where Ibie line meets the axis, so that for z=o we have f^o, we can then eup- 
pcaa tbe fanc^on /{'zj developed in a series of ascendiDg and positive powers of z; and if 
we assume that the curve meeta the axis onder an angle other tkea a right angle, which re- 
quiiee that, for x^=a, the first differential coefficient should be finite or nail, it will be oeces- 
«ai7 that (he exponent of z, in the first tena of the series, shonld be nnity. Let us remark 
heie that, having oaly to consider the curve at the point where it reaches the axia and at 
points verj near, we may always consider x extremely small, so that, in relation to this por- 
tion of the curve, our series will be uecessarily convergent. Let ns say, then : 

,=.. + ta- + a. + (4) 

on eqnation in which the exponents ma are positive and greater than unity. Conse- 
quently we shall have : 

p^a-J-mfct" — '+Bti"— ' + 

5=».(m-l)*z»-'-{-a{i.-l)rz— •+ 

The 'first of these expieeeions, when we make therein z^o. Is reduced to p = a, to that 
the carve meets the aiia nnder a finite angle, bat other than a right angle, or under an angle 
noil, according ss we sappose the constant a flnile or equal to Eero. Tiien, if we astiune 
that at the point sitnated on the axis the radius of cnrvature is null, we see, by formula ( 1, ) 
that in this same point g most be infinite, and, in virtue of the second of the above eipies- 
sions, this condition wiU he satisfied if tbe first, at least, of the exponents m a be less 

Let xu now lateodnoe Into the fonwila (3) these same axpresrimu of p and f and that 
eff, Tbere will reeolt: 

S l-Ka-f«fa»-'-).«ez'— ■)» 

r=(mCm-l)fcr-— >-fa(»-l)«»-«-f....)C«-f*«"-fsz«-|--...) 
Id 
■nd we readily see that, for z=o, this ratio becomes infinite. Then, in effect, since the 

quantities m a are ^ greater than unity, on tbe one band the numerator is reduced to 

i-f-af — that is to say, to a finite quantity ; and, on the other hand, the denominator, of which 
tlwteimof the ampler exponent, after iii» reqoisite moUiplication, isM(si~-l)a(x'°— ', fa . 
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pmnts ; Aifl qaantxty would, ther efe ie, not be *™Mi**"* in the cntne be of &e 
cnrre ■■ tbe emwtioa of eqidlibriiim letniim. 

Let ■■ Ti— gmf. now, that the liqaid riilfile the eoodi&ia jnat li 
proceed to considcT, at ita deputnie firam the azv, n sic ^ the ■ 
Aa, bj the bTpothesk, thii Ime is neither itfaight dot dmbr, the e 
the arc wiU vsjj from one point to UMther; it w3l coamMBee, ca 
other by a, ihomjb of aagmeotatioii or diamratioB, and we bmj tdoe an* are m 
maQ that the cnmtSK shall go oo eoostaatlr ancmenliiw or coastaDtfr dinnit- 
idting fivcn the pcnnt ritoated ob the axia, qute to the other "iMnui i y Let 
■a aappoee. fint, the c nr rat nr e con tinnall y ineiearaig, and kt» i d (T^. I) be 
the arc in qneetion. At the point a the perpeodicttUr u eoineident with the 
axia. and, in pn^xntion as it learea that point, Ibrma with the axia a p B o gi g aa - 
irtlj greater angle ; bat we will so limit Um leoKth of the an that, froB « to ^ 
thk an^ shall not c«aae to be an acnte one. Through tbe two pointB, « aid d, 
let na deaoibe an aie of a circle, ae J, which ritall bare ita e ' 
and which, canaeqtuntlj, meets thia axis perpwidicalariT'. 
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Since tbe are « £ ^ whoae nrratsre constantly in u e aa e a , departs ham m m 
, Ute same direction with the arc of a dnle, and, after being separated frtmi it, 
rgotas it at il, it is evident that its cnrratme most, at first, be leas than that of 
dus secood arc, and afterwards became greater, so that at the point d the ra^na 
of earrmtme of the arc a b da smalkr than the radios of the arc of the ctrelOi 
Bat fnm the eomBMi initial direction ef the two arcs, and from this rdativa 
progtesaiMi of the c ur y aiof e of the arc a ft d, it iinrnnaiilj naalta that this 
hat is, as the figtire abows, exterior to the other, and that at the point d it most 
ettt and not be a tangent to it ; if, then, at this point d, we draw the petpen- 
dkolar <iy to thearc<rf' the cam and tbe wmUjudgi^ theaic of the ciide. 
die fonner will be lees obUqiie to the axis than ube fautcr. mi will cooae- 
mcntly be shorter. Thna, at the pcnnt d, the two quantities M and X will ba 
both MM than die ladios of the aic cf the ciide. Let na take bow, in the part 
of the *na b d, where tbe carratare is less than that of the aic of tbe cttcla, 
aajr p«nt at, and let ns take, on the second of ibeoe arcs, * point a, so that the 
portion a a shall be eqoal in length to the portioa a at. Under these ocmdi- 
taoUt^poinlBswillbee '^ - ■ - 
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efion tbe axis than the p 



, , W« waj mank, in jiswliiy, tl»t that iwdl 

fiOoa at^S, so tbst it b One as w<U fat a ndhti of cairMan, iniw 
" ' ' a As s^>, u for s radios of eniTatiira mill, whick »' 
BaboTB. Now, if It rhii mwii j\!mi ihii n 
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And, OD the other hand) the perpendicnW at m will be more oblique to Uie axis 
than t^ie radios drawn firomn; for this doable reason the perpenaicnlar in qii<»' 
tion will be greater than the radios of the arc of the circle ; tiiit, becauee of tha 
inferiority of thn curvature at m, the radios of eurratarci at that point will bs 
also greater than the radios of the arc of tbe circle. 

From all this it resnits that tha valaes of M and N, GorrespoDdiDg to tha 
point ffl, are both superior to those which correspond to the point d; bat it ii 
clear that M and N are of the soma sign tlmtughoot the leogUi of the aica bd, 

and that thoa, at tbe point m as at the point (2> the qoantity TfH-^ constitatea 

a snm ; tbia same qnantitj, then, ie smaller at m than at d, and, consequently, 
the eqailibrium of toe liqoid Ggnre generated is imposaible. 

If we aappose, now, that tho curvature of onr meridian arc constantly dimin- 
isbes, as is seen in a' 1/ df, (Fig. 2.) it is apparent that then this arc will be 
interior to the arc of a circle a' c' d', having its centrn on tbe axis, that its cur- 
vature will at first be superior and become afterwards ioftirior to that of the 
latter, and that at the point d' one of the arcs will again intersect and not be a 
tangent to the other ; whence we may conclude, by the mode of reasoning 
employed in the preceding caae, that tbe qoonttty u+|t i^ greater at a point 

near a' than at d', so that tbe figure generated Is, as before, impossible. 
Hence, when the meridian line meets the axis, the condition of equilibrinm 
cannot be satisfied nnless that line is a circumference of a circle, having ita 
centre on tbe axis, or. if we suppose the radius of this circumference to be infi- 
nite, a right line perpendiculai to the axis ; the figure generated, therefore, ia 
necessarily either a sphere or a plane. 

From Uiis flow^, as a necessary conseqaence, the troth of the proposition 
which I advanced (2d series, § 28) from the resnits of experiment, namely, that 
when a continuous and finite portion of a snrface of eqoilibrium rests on a cir- 
cular periphery, that portion must constitute a spherical cap or a plane. To 
be otherwise, it would be necessary that the cap anoold not be a curve of revo- 
Intion — a auppoaition which is never realized. • 

§ 3. The meridian lines of such other figarea of equilibrium of revolution as 
can have no point in common with the axis, must either be extended infinitely, 
or be closed beyond the axis. The first class will generate figures which 
extend to infiaity, and of these the cylinder baa already afforded an example. 
The aecond would yield annubr figures ; and we shall see, at the end of the 
preaent series, whether the existence of figures of that kind ia possible. 

To simplify the investigation of the lines in question, we snail proceed to 
demonstrate that they contain no point of retrogression. If we suppose the 
existence of a point of that natore, there are three cases to be considered : firstf 
that in which the tangent at the point of retrogression, a tangent which is com- 
mon to the two branches of the curve, ia not perpendicular to the axis of revo- 
hition, whatever direction it may otherwise Lave ; second, that in which this 
common taugeot ia perpendicular to the axis, and where the two branches ap- 
proach the latter in proceeding towards the point of retrogrosaion ; and, third, 
that in which the common tangent, being again perpendicular to the axis, tha 
two branches, in proceeding towards the point of retrogression, withdraw &om 
that axis. 

FirH catt. — By casting the eyes on Fig. 3, which ropresenta, in meridian 
Beetions, portions of the liquid figure, for different postpone of the point of retro- 
ffreasion in relation to the axis of revolution ZZ', we readily perceive that ia 
ue neighborhood of that point tbe perpendicular is always, aa regarda one of 
tiie branches, directed to the interior of the liquid, and is conaeqnently poaitive ; 
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while, as regards the other, it ie directed to the exterior, aod is cooBeqnentljr 

ne^tive. Now, the equation ^+==^0 dinnot comprise this change of sign of 

the perpeodicnlar N in paesing from one hranch to the other, for it woold re- 
qoire ttiat at the point oi retrogresBioD thla perpendicnlar should be nail or in- 
finite; and in the present case the perpendicular in qnestion is evideatly finite, 
since the tangent is not peqteudicolar to the axis, and the point of retrogression 
cannot be upon the latt^. 

Second eate. — If the point of retrogression be of the second hind — that is to 
aaj, if the two branches which meet therein are situated oi^the same side of the 
common tangent — we see that, for one of these branches, the perpendicular and 
the radius pf cnrratore ore both positiro, while for the other they ore both 

negative ; the quantity u+i^ would then change the sign in passing from one 

to the other, and thus would not be the some through the whole extent of the 
liquid figure. 

If the point of retrogression is of the first kind — that is. if the two branches 
oro situated on the two opposite sides of the common tangent— the radius of cnr- 
Totore, we know, is there null or infinite, but a radios of curroture null woold 

render mfioite the quantity u+j^. so that we have to examine only ihchypoUf 

esis of a radius of infinite curvature. Since, then, from the directiou of the ton- 
' gent, the perpendicular is also infinite at the point which we are considering, 

theqnantityT^+i^ would be reduced to zero at the some point; it would there- 
fore be necessary, for equilibrium, that this qaantity should'also be null ataD 
other poiota of the meridian line. Now, this is impossible, since, when we depart 
from the point of retrogression, the radius of the curvature and the perpendica- 
lar assume, on each of the branches respectively, values finite and of tbe same 
sign. ' 

Third cate.-~-\t the point of rotrogression is of the second kind, the radius 
* of cnrvatuie has opposite signs on the.two branches, and cnnsequentlr must be 
either null or infinite at the pdint in qaeation; but, as has been already shown, 
we need not occupy ourselves with the hypothesis of a radius of curvaturo null ] 
there remains, therefore, that of a radius of curvature infinite. Now, the perpen- 
dicnlar at the same point being likewise infinite, equilibrium requires, as above 

that the quantity t7+j^ should be null for all the points of the meridional tine. 

Here, at first glance, the thing seems possible, since, near the point of retrogra- 
sion, the radius of curvature and the perpendicular, on each branch considered 
separately, are of contrary signs, but we shall presently see that this poeubili^ 
is out apparent. 

If tbe point of retrogression be of the firat kind, the radius of curvature is 
there necessarily null or infinite, as has been already shown ; and since we must 

r^ect the radii of curvature null, the quantity u"*"!? '^ again equal to zero at 
the point in question, and muat be so likewise at all other points ; which appears 
possible OS in the former case, and for the same reason. But in order that at 



all points of the meridian line the quantity -r; + i^ should be null, it is evidently 

necessary that in each of these points the radius of cnrvoturo must be equal 
and opposite to the perpendicular. Now geometers are aware that one curve 
alone possesaea thia property, and that that curve is the catena, (ckai»etle,) 
which bos no point of retrogression. ('ooolf 
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f 4. The principlee eetabllsbed in th% two preceding pamgraphn having elimi- 
nated from tiie qneatioa of oar meridian liaee the complications which might 
have erobairoased it, we may proceed- to deal more directly with the enbject. 

In the experimentB relative to the formation of the liquid cylinder between 
two solid ring§ (3d Bertes, f 38,} when the upper ring hoa been raised so as to 
canee the mass of oil to lose its spherical form, hat not snfficientlj to canse it 
to assume the cylindrical form, we obtained a portion of a figure of eqnilibriom 
of revolntion pertuning neither to the Bpheranor to the cylinder; it was shown, 
moreover, that if, after having formed the cylinder, the separation of the rings 
increased, there would result another portion of a figure of equilibrium equally 
differing from the sphere and the cylinder, and which will of coprse be undnr- 
Btood as being also one of revolution. In order to determine what the liquid 
figures, to which the portions in question pertain, would be in their completed 
state, let us first cite a new experiment 

We take as a solid system a cylinder of iron of coDSiderable length in pro- 
portion to the diameter, and supported by two feet made of wire of the same 
metal (Fig. 6;) let the length, for instance, be 14 centimetres, and the diameter 
2. This cylinder being careflilly mhbed with oil and introduced into the vase, 
we bring into contact with it, midway its length, a sphere of oil of suitable 
volume. As soon as adhesion takes place, the liquid mass spreads upon the sur- 
face of Ae cylinder so as to envelop a part of its extent, loses the spherical 
form, and constitutes in the end a figure of revolution whose meridian line 
changes curvature in the direction of Its two extremities, becoming at those two 
points a tangent to the generating cylinder.* The meridian eectioli of the liquid 
figure and of the cylinder is represented at Fig. 0. 
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f 5. As we have shown theoreticallT, (Sd series, §S 6 bit, 10, 18 and 20.) and 
have verified by many experiments, wnen the liquid mass adheres to a solid sys- 
tem which causes it to lose its spherical form, the only ports of that system on 
which the new figure of equilibrium depends are the very mionte lines along 
which it is in contact with the snperficial layer or stratum of the mass, so that, 
the system may in general be reduced to iron wires representing those lines. 
Now, in the figure which we are considering, the free snrface of the liqaid mats 
touches our solid cylinder along two circumferences perpendicular to the axis, 
and passing by the poiuta a and £ ; we may therefore readily conceive the en- 
tire cylinder replaced by two rings representing those cireumferencee, that is, 
with an exterior diameter eanal to that of the cylinder, and placed vertically aa 
r^ards one another, having Detween them the interval a h. It will be necessary, 
however, that the quantity of oil should be greater in order to supply the volume 
of that portion of the cylinder suppressed in the interior of the mass; it will 
require even a little oil in excess to furnish the substance of the two bases 
which rest upon the rings, bases whose surfaces, as we shall presently see, will 
be convex s^erical caps. In order to avoid these last, which would needlessly 
complicate the figure, we may take disks instead of rings; then, in both cases, 
the figure will be entirely formed of oil, and it is represented in this state, in 

*H. Be«r (see note I of} 1) indlc^M the same expcrimont for verifying mm of HwTamlti 
of his calenlatioDB i but I had employed it lung before. ^-- ■ 
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its meridian section or vertical projection, by Fig. 7, am and ft m being tlie aec- 
tions or projections of the disks. It wiU be stated heieafler for what reoeona 
we have suggested the use of a cylinder nUher than of disks or rings. 




S 6. The figure which We have thns obt^ned, nai in which the meridian line 
stops at the points a and 6 where it tonches the cylinder (Fig. 6) or meets the 
boraeie of the disks (Fig. 7,) evidently conetitntes bat a portion of the complete 
figure of eqnUibrinm. Let us attempt then to follow the meridian line, start- 
ing from these same points a and b where its elements are parallel to the axis. 

It is easy to show that the points a and b are not points Of inflexion. At 
ench points the radius of cnrvatnre is either nnll or infinite; bnt sinc& in oor 
meridian lines, there can be no question of a radius of cnrvatnre null, which 
would render the first member of the equation of equilibrium infinite, it wonid 
I ^ ^ suppose this radius infinite at the pumts which we are consider- 



ing, and the equation would thereberedaced to 7^ = G. Now, the points c and d 

(Fig. 6) are really points of inflexion of this kind, as the aspect of the figure 
shows, in so mudi that the equation of eqailibrinm is there necessarily reduced 

to ~ = C ; the perpendicular N should then, at the points a and £, have the 

same length as at^e points c and d, which is evidently not the case; for, in 
the first place, the points c and d are more remote from the axis than the points 
a and b, and, moreover, tbe perpendiculars which proceed &om the former «r« 
oblique to tbe axis, while those which correspond to the latter are perpendicaUr 
to it 

Beyond tbe points a and b, then, the curve begins by preserving a curvature 

1. — : — .», j: — .; . i-r.,jg_ ^^^ jg^^ curvature concave towards the ex- 

ipose that in the prolongation starting from «, 
lid continue either augmenting or diminishing 
ler side of a ; we can always take on the pn>- 
E m so small that at each point the curvature 
responding -jioints of a portion a f> of tbe same 
tbe curve. By virtue of tbe greater curvature 
the point m is necessarily more remote from tlie 
ver, the perpendicular tn r which proceeds from 
axis than the perpendicular » « wnich procoeda 
lar at m is, for this double reason, greater than 
itber hand, conformably with the some hypothe- 
o{ curvature at nt is smaller than at m. Thence 
tie point M to the point m, the first term of tbe 

d the secund diminish. Now, in the parts of 

ing, tbe radius of cnrvatnre and tbe perpendio- 
and Iiave coiSequently contrary signs, so that 

a difference ; if, then, one of the tenoa of this 
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giiantit7 incresses while the other decreaaeft. it cannot preserve the eanie volae, 
and Qonilibrinm is impoaeible. If we aappoae, on the contrary, that the curv^ 
tttre of the arc a m, on parting from a, diminiahes more than diat of the arc a *, 

we shall conclade, hy the BaiAe mode of reasoning, that the quontitj T7+^ 

would likewise change its value in passing from one of the parta of the cnrve 
to the other. 

Thus the hypothesis of cnrvatures dther greater or leas in the arc o m than 
in the arc a n is incompatible with the equation of equilibrium ; it is conae- 
quently necessary, in order to satisfy this equation, that, on the small prolonga* 
tion a m, tbe cnrvatureB ehoold be identically the some as on an arc a n of the 
same length taken on tbe other side of a. Now, it ia clear that this impliea tbe 
identity of the whole portion of the curve situated beyond the point a with the 
portion situated within it. The portion of the curve comprised between a and b^ 
(FigB. Gand 7J will be reproducea, therefore, beyond a, and, for the same reasone, 
will be still reproduced indefinitely; and the same will be the case on the other 
aide of the point h, in aucb manner that the meridian line will represent an un- 
dulating curve extending to inGnity along tbe axis, approaching and retiring 
alternately and periodically by equal quantities. 

The complete figure of equilibrium, therefore, is prolonged to infinity along 
the axis, and is composed of^a regular and equal BucceBsion of expanded and 
constricted portions, of which Fig. 9 represents a meridian section of a cenaia 



extent. To this figure of equilibrium we shall apply, in the sequel, the name 
of unduloid, from Uie form of its meridian line. 

J 7. It ie easy <o conceive how equilibrium may exist in such a figure, although 
in the dilated parts tbe curvetnre is convex in all directions around tbe same 
point, while, in tbe constricted parts, the curvature is convex in certain direc- 
tiona and concave in others ; it ie because, in these latter parts, the convex or 
positive curvatnrea are Btronger than the concave or negative curvaturea, so that 
the mean at each point (2d aeries, 5 6) is positive and equal to that which cor- 
responds to the dmerent points of the dilated parts. From the fact that, 
in the undnloid, the mean curvature is poaidre, it necessarily results that when- 
ever we realize any portion of an nnduloid between two rioge, the bases which 
rest upon tbe latter will be convex apherical caps. 

$ 8. If, in the experiment of § 4, the volume of oil remaining the same, wa 
employ a solid cylinder of greater diameter, the liquid masa extends still more 
in the direction of the axis, and the meridian curvatures diminiBh, bo that, in 
the corresponding complete figure, the expansion and coastrictiona are lesB de- 
eded. Thus the meriman curvatures, in the parti^ and consequently in the 
complete figure, become proportionably effaced as tht^iameter of the solid cylin- 
der ia greater ; whence we perceive that, in these variatiooa, the complete figure 
tends towards tbe cylindriul form, which may be consideredi therefore, as the 
limit of the variationa. 

If, on the contrary, while the volume of oil still remains the same, we employ 
a solid cylinder of smaller diameter, the liquid maaa becomes constricted iu the 
direction of tbe axis, the meridian curvatures augmeat, and the figure approxi- 
mates more and more to the sphere ; thus, for instance, when for a mass of oil 
constituting primarily a sphere 6 millimetres iu diameter, we take, as solid cylla- _ 
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gntdaall7 absorb the ezcMi b7 means «f the bduII syriage, the operatioD pro- 
ceeds withont difficalty bo long as the elements of the meridtan line which ter- 
minate at the edges of the diska deviate coneiderablr fiitim poralleliam with 
the axis ; bat when they approximate to this parallensm, or, in other words, 
when we approach the portion of the andaloid which we wish to obtain, it is 
necessary to operate with greater precaation, as the figat« might otherwise 
change Bpontaneoosly and msnnite. By condacting^e operation with care, 
and, towards the end, removing the oil only in Tery small qaantitiee, we arrive, 
as far as the eye can jadge, at the desired portion of the andaloid, (Pig. 7,) a 
portion which varies in form by approaching or withdrawing from the cylinder, 
according as the diameter of the disks is greater or smaller relatively to their 
distance ; bnt then the slightest cause, anqh as a minate movement commnni- 
cated to the mass by the point of the syringe, is sufficient to prodace the 
gradaal alteration and destmctioa of the fignre, which is seen to grow progres- 
sively thinner near one of the disks, the oil being transfbrred in greater quantity 
to the side of the other disk, and the mass finally Beparates into two porta. 
From the fact that, in the figure obtained as above, an tdteration, occasioned by 
the moat trifling cause, proceeds afterwards spontaneonsly, it would seem that 
the portion of imdaloid comprised between the middle <tf one constricted por- 
tion and that of the next is at the Umit of stability. 

"We see, from what has just been said, why, in § 4, the adoption of a cylin- 
der as a solid system was recommended. With disks, there is need of the 
greatest circumspection and care to arrive at the point where the last elements 
of the meridian fine are or appear parallel to the axis ; while with the cylinder 
the figure is perfectly stable, ana the required parallelism is estabhshed of 
itself. But it remains to be explained how the stability of the figure can de- 
pend on the two circumferences along which the snperncinl stratum of the mass 
touches the cylinder, (§ 5.) This is easily done : in the case of the diskSt 
when it happens, as has been sold, that the figure grows thin spontaneonsly OD 
one side, the elements of the eaperficial atratnm which tenniaate at the edg6 
of the disk near which this effect takes place are inclined towards the axis, 
(Fig.ll;) bnt, in the case of the cylinder, the last elements of the saperficial 
Btratnm cannot be thoa inclined, since they lie on the surface of the solid. 
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This explanation natnraUy BuggeetB the idea of snbstitating for thin dt^ 
thick ones, or, rather, portions of a cylinder ; for, by giving to the mass, at first, 
a sofficient volume for the oil to reach the edges of the faces of these thick 
disks opposite to those which front one another, and then removiag so much of 
the liquid that the circumferences of contact shall fall on the thickness of the 
disks, the cause of stability, above indicated, will evidently exist just as well 
as with a coifflnnons cylinder. Now, this is fally confirmed by experiment; 
the disks which I used had each a diarneter of IS millimetres and a tbicknesa 
of 8, and were fixed at a distance of 90 miUimetrea apart ; the entire system is 
repreaented at Fig. 13. By causing to adhere to the whole a mass of oil, at 
first too great, then removing the excess, and lightly pressing the mass to right 
or left with the point of the syringe, so that the points from which the meridian 
Une appeared to depart were nearly at an equal distance fh>m the two bases of 
each duk, the figote produced evinced a perfect stability ; it ia pi«cticable, b/ 
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oontinninff to absorb eniaU qiuuitities of oil, to bring the extremities of tha 
meridian line very near the edges of the eolid bases frondng one another with- 
ont a loss of stability in the figoie, and only when thej se^oed to reach those 
edges was instability manifested. 

f 11. Since the portion of nndnloid with which we are occnpied haa alieadpr 
leached the limit of stability when it is formed between two thin disks, and is 
thus free in its whole extant with the exception alone of its baaee. it wonld be 
nselesB to seek to realize a. portion of nndnloid eqnally free which should extend 
on both sides beyond the centres of two constrictions, and hence we infer that 
the indefinite nndnloid is, like the indefinite cylinder, an unstable fignre <d 
eqnilibrinm. An experiment, however, of onr 2d series, affords incidentally 
an nndnloid which is prolonged beyond the centres of two .conatrictionfl, hut 
very close to the cylinder ; to this we shall tetnm hereafter. 

§ 13. It is now easy to see that the convex fignies spoken of in ^ 38 of one 
Sd series, while describmg the'formation of the liqnid cylinder, figures which 
are obtained when, after haviag attached a sphere of oil to two horizontal solid 
rings eqnal in diameter and placed one above the other, we raise the npper 
ring by a lees qoantity than that which gives to the mass the cylindrical fonn— 
that these fignree, I say, are nothing else bat portions of the dilatations of the 
nndnloid ; only, when these convex figures are prodnced by the process jnat 
recalled, they are so placed that their axis is vertical.* 

Let UB conceive, in effect, an nndnloid realized by means of two thick disks, 
(§ 10,) and consequently in a state of stable equilibrinm, and imagine that we 
place at eqnal distances to the right and left of the middle of this figure, be- 
tween that middle and the thick disks, two vertical solid rings, having th%ir 
centres on the axis and their exterior circumference precisely at the snr^we of 
tlie mass ; it is clear that these riogs will not destroy the equilibrinm of the 
fignre. Now, if we snppose that the ports of the figure situated beyond these 
rings are reploued by convex spherical cape resting on the latter, and whose 
curvature is such that it oceasions a pressure equal to that which pertains to 
ihe rest of the fignre, equilibrium will still evidently exist, and it will still be 
perfectly stable, since the distance of the rings is less than that which corre- 
sponds to the limit of stability. But, then, if the rings are not sufficiently 
separated for the portion of the meridian line which extends from one to the 
other to contain points of inflection, it is evident that the whole will constitute 
one of the convex figures in question ; for, according to the diflerent forms of 
the nndnloid, the meridian line of the portion comprised between the ringe may 
vary from an arc of a circle, with its centre on the axis, to a straight line, aa 
in these convex figures. For these last not to be portions of an nnduloid, it 
would be necessary that between the same ringe, placed at the same distance 
&om one another, and with an equal mass of oil, there should be two figures 
of equilibrinm possible, botL of them stable, which experiment contradicts. 1£, 
after having transformed a sphere of oil into one of the convex figures in ques- 
tion, whether by increasing Uie separation of the rings or by subtracting a cer- 
tain quantity of the liquid, we agitate the alcoholic jnixtute so as to give con- 
siderable motion to the mass of oil, bnt still not enough to disnaite it, aud then 
allow it to return to a state of rest, it will always resume identically the sama 

In the expsriments of §^ 44 and 45 of the 2d series, when tbe^ings or disks 
were placed at a distance of four times their diameter, and the liquid mass com- 
prised between them was suffideut for the stability of the fignre, this figun 
evidently constituted part of on nndnloid ; but as, by the abstraction of oil, we 
afterwaras arrived, throngh a very small diminution of the mass, at its eponta- 
neous destruction, it follows that the portion of unduloid in question was but 

* One of Ihess convex 6pme It represented at Fig. 21 of 8d series. 
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little removed from ita limit of statnlitf, nod that heoce its meridian line eon* 
ttAied very probably points of inflection. 

In deBcribing the experiments of $ 6S of the same seriee, experiments whicli 
commence with the momentary realijsation of a cylinder a little tmnscending 
tlie limit of stability, it was said that the epontaneoua alteration of this cylin- 
der was sometimes manifested by the formation of two constricted portions 
comprising between them one dilated portion ; that this state of the figure, 
after attaining no rery decided development, appeared to remain stationary for 
some time ; Ukat then one of the constricted portions was elowly obliterated 
while the other deepened, and the transformation contianed afterwards in the 
ordinary manner. Now, frum the fact that this figure, with two contractions, 
persists for a considerable time, it most be inferred that it constitntes' a figure 
of equilibrinm, and conseqnently an undoloid little difierent from the cylinder 
and snrpassmg the limit of stability — that is, extending itself beyond the cen- 
tres of the two constricted portions. In effect, since ench an nndaloid, al- 
though nnstahlo, b a figure of equilibrinm equally with the nnstable cylinder, 
it may likewise be fbrmed, for some moments, between the disks, and it may 
be coDceived that a slight accidental cause would suffice to transform the maaa 
from one of these figures into the other. We see, finally, that, in the experi- 
ments of I 10 of the present series, the liquid mass thus always constitutes a 
portion of an unduloid which becomes modified, without ceasing to pertain to 
tliifl kind of figure, in proportion as we absorb the exceea of oil. 

§ 13. The transient unduloid, spoken of above, verifies the conclusions of ^ 6 
relative to the pursuit of the meridian line beyond points of the concave parts 
where the elements become parallel to the axis. Unfortunately this nndaloid 
ia not produced at will ; its meridian curvatures are weak, and it is otherwise 
onstable ; but another experiment, to which allusion has been made without 
describing its results, fumishea a precise verification of the same conclaBions. 

If, after having fbrmed between two rings a vertical cylinder whose height ia 
much less than that which woi^d correspond to the limit of stability, we 
slightly ruse the upper ring, the cylinder is observed to become somewhat 
hollowed in the meridian direction, so that the figure presenta a constriction ; 
if the ring be again raised, the constriction still deepens and the figure remains 
perfectly aymmetrical on both sides of the cercle de gorge, which is, conse- 
qnently, situated at the middle of the interval between the rings. If, in the 
cylinder with which we started, the ratio between the height and diameter was 
suitable, we may, by proceeding thus, render the constriction very decided, and 
then the meridian line changes the direction of its corvatnre by tending towards 
the rings, so that it presents two points of inflection at an equal distance on 
both eiaes of the cercle de gorge ; the bases of the figure, also, preserve their 
convex form, and even their curvature increases more or leas. In this experi- 
ment there is always, we may conceive, a limit to the separation of the rings, 
beyond which equilibrium is no longer possible; if we overpass it, the con- 
Btricted portion grows spontaneonnly more slender, till it breaks and the figure 
Beporates into two portions ; but, for every degree of distance less thin the 
limit in question, the equilibrium is stable. The cylinder which has appeared 
to give the above results most distinctly, ia that whose height ia to the diameter 
nearly ia the ratio of fi to 7. In employing, for instance, rings of 70 millime- 
tiee in dianwter, it ia proper to fonn a cylinder of about 60 millimetres in 
hdght; the npper ring' SOT then be raised until it ia distant from the o" 
nearly 110 millmietres, and we thus obtain a figure id which thaeercle deg 
baa but a diameter of some 30 millimettea. 

The experiment thoa executed requiree great precaution ; iba eqaality in the 
densities of the two liquids and the homogeneity of the oU shonld be perfect, 
and when the limit of separation of the rings is approached, it is neoeesary to 
proceed with mneh circnmapectioD. But we racoeed without difficulty by k 
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amagiug that the axis <^ revolution shall he homontal ; the rings of 70 milli- 
metrcB, which are then vertical, should be previooaly placed at a diataoce of 
110 millimetrea apart ; each of them ia attacned, by its lower part, to a vertical 
iron wire, and the wires are themselrea fixed, at their lower extremities, in a 
plane table of iron, which supports the whole svatem ; finally, these wires are 
enveloped with cotton, that thd oil may not adhere to them, (2d series, § 9.) 
A cylinder (Fig. 13) ia first fonned between the two rings, then we gradually 
dimmiah the volome of the mass by means of the small syringe. If, when the 
neck is not more than abont 30 m^imetres in diameter, we take care to remove 
the oil by only very small pottions at a time, we shall sncceed in redncing it 
to 27 millimetrea, and thns obtain the result represented by Fig. 14. 

Now, it is evident that all these constricted figures with convex bases — figorea 
which, like those considered in preceding paragraphs, may deviate as little 6ani 
the cylinder «a we choose — are still portions of nndnloid, thongh taken diff^* 
. ently in the indefinite nndnloid : while the middle of the one ia occnpied by 
the eqnator of a dilated portion, the middle of the others is occupied by the 
txrele de gorge of a constricted portion ; the most extended of the former, 
except the transient nndnloid mentioned above, is composed of an entire dilata- 
tion between two demi-coustrictions, (FU[8. 6 and 7,) and that represented by 
Fig. 14 is composed of an entire constncdon between portions of two dHats- 
laaat. 



§ 14. Besaming, now, oar horisontal rings, with a view of placing, at will, 
llie upper one nearer to or farther &om the other, let us again form a cylinder 
between them, and, without changing their distance, gradually remove oil &om 
the mass. If the ratio of the distance of the rings to their diameter ia much 
less than in the last experiment of the preceding paisgraph, the curvature of 
the bases, instead of augmenting in proportion as the constriction deepens, con- 
tinnes, on the contrary, to diminish ; and if this ratio does not exceed abont §, 
the bases at length become absolutely plane. With a ratio still less, we may 
even proceed further; if the absorption of liquid is contiuned the bases become 
concave. Let us form, for instance, between our rings of 70 millimetres diame- 
ter, a cylinder 35 millimetrea in height, (Fig. 17 ; ) by gradual absorption of 
the oil, we shall see the bases sink more and more at the same time that the 
constriction grows deeper, and, their curvatnre at length wholly vanishing, we 
thall have the result represented by Fig. 18. If we still continued to use the 

Sringe, the bases wonld assume a concave cnrvatnie ; but let ns pause, for . 
e moment, while they are yet plane. 



JW» 




With snch bases, the constriction comprised between the rings can no longer 
(§ 7) pertain to the nndnloid, and we arrive, consequently, at a new figure of 
revolution. Let as inquire what tbia is, in its complete state. We remember 
(2d series, \ 4) that the preasnre corresponding to an element of the superficial 
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■tratam has for itsTftlne P+'t fl D~^n7 1' "^ ezpresaion in whicL A is a con* 

Btaat dependent on the nature of the liquid and which cannot be null, and P tfa« 
presanre oorresponding to a plane snmce. Now, in the case with which we 
■re occapied, the presaore at anr point of the complete figure must be equal to 
that of a plane Bur&c&, since the bases of our partial f^re are planes ; the 
above expresaion then will, in this case, be reduced to P, so that we hare 

Q + n7=**- T^VB the figure In question is sueh that at each point of ita sur- 
face the mean cnrTatore (2d aeries, $| 5 and 6) is null, or, in other terms, at 
each of theae points there are, aa ia the portion formed between our rings, con- 
cave curratoree vhoss efieot exactly destroys that of the convex curvatures, so 
that the preeaure remuns the same as if tliere bad been no corvature. 

Now, the equation ^-l-^=:P becoming here, according to the notation which 

we have adopted for figures of levolndoa, w+m^O> ^^ deduce therefrom 

m.^—'N; whence we see that, at each point of the meridian line, the radius 
of curvature ia equal aod opposed to the perpendicular. Now, g«ometera have 
demonetrated that the only cnrve which poeaesaes this property ia the catena. 
(chainette.)* This, then, ia so placed relatively to the axia to which the per- 
pendiculars are referred, that the ri^ht line, which divides it symmetrically mto 
two equal parts, shall be perpeiidicular to that axis, and the summit of the 
curve distant from the point of intersection of th<Me two right lines by a quan- 
tity equal to the radius of curvature of that summit. Our figure, then, in ita 
complete state, ia that which wonid be generated by the revolution of a catena 
thus placed in relation to the axis. We will, accordingly, give it the name of 
caienoid, of which Fig. 19 represents a meridian section sufficiently extended, 
the axia of revolution being ZZ'. 

The catena being a curve, whose branches are infinite, the cateuoid also ii 
extended to infinitv, like the cylinder and the nnduloid, but no longer in the 
direction only of the axia. 

$ 15. We recall here a principle which was cursorily noticed in $ 8 of the 
2d series, and of which we afterwards made use in $ 31 of the same series : 
when a surface satisfies the general condition of equilibrium of our liquid 
figures, that condition ia equally fulfilled whether wo suppose the liquid on one 
or the other side of the surface in question. In effect, the inversion of the posi- 
tion of the liq^uid, with regard to the surface, only changes the sigua of tho two 
principal radii of curvature corresponding to each of the points of the latter. 
But evidently does not at all alter the absolnta values of tiioae radii, so that if 

the quantity ^+^ ia eonatant in one of the caaee, it will be so in the other. 

There are alwaya, then, for any one surface which aatisfies the condition of 
equilibrium, two liquid figures, the second of which preeenta in concave what 
the other presents in relief, and, vice verta, figores which are both figures of 
equilibrium. We see thia realized, for iustance, in our experiments as regards 
the sphere ; a moss of oil left free to itself in the midst of the alcoholic mix- 
ture gives a sphrae in relief, and, on the other hand, when some of the alcobolie 
mixture is intiroduoed into one of oui masses of oil, the surfaces into which the 
bubbles of this raixtura are moulded constitute spheres of oil in -concave, (3d 
•eriee, { 10.) In virtue (^ this principle we have two catenoids; that, namely, 

« lecoKiiiied aa tha curve foimed. Id b state of equilibrium, by a heavy 
. -1.-I j_j ^ [^g flj^ poiuls, 

Uigirz^dbyGoO^le 
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of Fig. 19, in which the liqaid fills the space left hy the catena in leTotvin^ 
between itaelf and the axis, and another in which the liquid occapiefl the space 
embraced by the curve. A meridian sectioo of the latter is represented by 
Fig. 20. 

\ 16. In the experiment of $ 14 we only encceed, as has been said, in ren- 
dering the baee^ of the figure plane when the separation of Uie ringo> does not 
exceed about } of their diameter. We shall recnr, Airtber on, to the details of 
this experiment, which presents some carious particulars ; but thei« is an im- 
portant consequence which is deduced immediately Irom it, and which requires 
our notice at present; for rings of a given diameter there is a nuximnm of 
separation beyond which no portion of a catenoid is any longer possible b»- 
tween them. We shall proc^ to show that this result is in acconlance wiUi 
the theory, and we shall, at the some time, be conducted to a new result. 

We bare seen that the generating catena should satisfy the condition that 
the radius of curvature of its summit be equal and opposite to the right lin« 
which meaBuras the distance of that summit from the axis of revolntion. This 
being so, let us conceive, in a meridian plane, a right line perpendicular to the 
axis of revolution, and representing the axis' of symmetry 'of the catena, and 
again s second right line parallel to the axis of revolntion and distant from the 
latter by a quantity equal to the radius of the rings. Let us conceive, further, 
in the same plane, a generating catena having its summit at the point where 
the right line of the rings is intersected by the axis of symmetry of which we 
have'epoken. This catena will be tangent at that point to the right line la 
question, and consequently cannot rest upon the rings except when the peri* 
pheries of these pass by the point of tangence, or, in other words, when the 
mutual distance of the two rings shall be nml ;* the catena under consideradon 
corresponds then to the case of a separation null of the rings. Let us now 
suppose that the curve quits this position and proceeds gradually towards the 
ftxiB of revolution, bdng so modified as always to sadafv tbe condition of 
equality between the radius of curvature of its summit and the distance of that 
summit (torn the axis ; in each of its new positions it will cut the right line of 
the rings at two points, which we will designate as A and B. The distance of 
these two points will then represent, in each of these positiouB, the distance 
apart of the rings, and tbe corresponding catena will represent tbe meridian 
line of a catenoid, of which the rings would comprise a portion between them. 
This being premised, let us consider the evolutions of the points A and B. la 
the initial position of tbe catena, when its summit is tangent to the right line 
of the rings, these points are confounded at the point of tat^nce; but when 
the summit of tbe curve begins to advance towards the axis oT revolution, they 
separate and progressively remove from one another. But their mutual die* 
tance will atttun a maximum, after which that distance will continue to diminiflh. 
In efiect, conformably with the condition attached to the catena, when its eum> 
mit shall have arrived very near the axis of revolutiDU, tbe radins of curvatare 
of that summit will have become very small ; whence it follows that the two 
branches of the curve will closely approach one another, and that, consft- 
qnently, the two points A and B will also be in close proximity j finally, when 
ihe summit is on the axis, these same points will he again reunited, as then the 
radius of curvature of the summit will be null, and the two branches of the 
curve will form but a single right line coincident with the axis of symmetry. 
Thus the points A and B, which were first coincident and then diverged from 
one another, afterwards approach, until at lost they again coincide ; from which 
it necessarily follows, as jait stated, that their mutual distance attains a maxi- 
mum ; and it is easy to see, from the nature of the curve, that thl« Tn«Ti.^i mi| 

'Foriifflplid^, welMTe mnriiVir Ihn hrn ring* nn [innnwiilim iiu llJikuiMs. 



by Google 



WITHDRAWN FEOM THE ACTION OP GEAVITT. 353 

must be finite, and indeed cannot be considerable relalivelj to tte diamet^j; of 
the rings." 

It is evident that, in its trnneit to the axis of revolution, the curve has passed 
Uirough all the conditions w^ich, with the given rings, are consistent with 
equiliorium ; the above maximum, then, constitutes a limit of separation for the 
rings, beyond irhtcb there can be uo catenoid between them. 

&it the preceding ftimiahea another consequence equally remarkable. Since, 
dunng the transit of the summit of the catena, the points A and B first with- 
draw from and oAerwards again approach oue another, they necessarily repass 
by the same distances, so that, for each distance less than the limit, they per- 
tain at once to two oatense. Now, it results from this that, to every degree of 
separation less than the mozimam, there always correspond two distinct cate- 
soida reBting on theao Tinge, but penetrating unequally between them.. We see 
without difficulty that the enmrnits of the two generating catenae, summits 
which, for a sepiiratiou null, are the ooe at the common periphery of the rings 
in contact, and the other on the axis of revolution, approach one another more 
and more in proportion as the separation increases, and finally coincide, equally 
with the two entire curves, when that separation attains its maximum. Thus 
the two catenoids will differ so much tho less as the separation of the rings is 
greater, and when the limit has been reached will form but one. 

§ 17. All catenffi are. we know, alike; and hence if we imagine a series of 
complete catenoids generated by catens of different dimensiona, all these catenie, 
&om the condition which they must satisfy, ($ 14,) will be similarly placed in 
relation to the axis of revolution, and consequently all the catenoids will be 
similar figures. The complete catenoid, then, is not susceptible of variatious 
of form like the unduloid, but constitutes an noique figure, like the sphere and 
the cylinder. Hence the two complete catenoids which, tbeoreticaUy, rest oo 
the same rings, when the separation of these is below the limit, do not differ 
from one another except by tlieir idimensions absolutely homologous. 

^ 18. Of the two partial catenoids pertaining to these two complete catenoids, 
and equally possible hy the theory between ute rings, our process necessarily 
gives that which is least re-entering; if we attempt, by removing farther 
auantitjea of oil from the mass, to realize the most deeply re-entering catenoid, 
tnere is always, as we shall presently see, another figure of equilibrium pro- 
duced. From the impossibility, therefore, of realizing this partial and most 
deeply re-entering catenoid. we may justly cooclnde that it would constitute an 
anetacile figure of equilibriam. 

As to that which is least re-entering, it evidently forms a portion of the com- 
plete catenoid, so mpch the. more extended as the separation of the rings is 
nearer its maximum ; fbr, in proportion as the rings are more widely separated, 
the arc of the catena which tney intercept between them is (^ 16) a more con- 
siderable portion of the curve. In order to have a partial catenoid more ex- 
tended in relation to the complete catenoid, it would be necessary that the 
catena should penetrate more deeply between the rings; but then, by however 
small a quantity the summit of the curve should advance, the separation of the 
rings would diminislj. (ibid.,) there would be another catena possible, leas re- 
entering and resting on the same rings, and the partial catenoid generated by 
the first catena being the most re-entenng, it would be unstable. The catenoid 
of greatest height constitutes, then, the most extended portion <^ the complete 
catenoid which can be realized between two equal rings. 

We will notice here another consequeooe to which tne above would seem to 
lead, aod which would yet be opposed to fact; for every degree of separation 

* Wo con detenaine its praciM volua hy means of the equntion of (^eueratii^ cat«ne, but 
tids calculation iareaerrsd for tbeaeriea in which ne shall oniM all theapplicatioi^of mathe- 
matteal aniilysis with the anly'Mt of our leMarches. , Cil,>l^lC 

S3 8 ' ^ 
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l«u tbsii tbo maximtim, the catenoid which is least re-entering always prores 
perfectly stable, and, as has been shown above, that which is most re-entering 
most be r^aided as always nnstal^Je. Now, the catenoid of greatest height 
forms, as has also been seen, the transition between the catenoids of the first 
category and those of the second, and conaeqaQntlj between ntable and un- 
stable catenoids ; we might, therefore, take it for granted that the catenoid of 
greatest heigbt is at the limit of stability of that kind of figure ; and yet, fthen 
we realize it with a mass of oil, it manifests a decided instability. We eball 
presently know to what this apparent contradiction is attribatable. 

§ 19. It is readily seen that toe third limit of the Tariations of the andaloid, 
a limit spoken of is § 9, is nothing else bnt the catenoid. In effect, by causing 
the partial nndtiloid to vary in the manner indicated in that paragraph, it is 
clear that, in proportion as the rolnme of the mass is increased, the perpen- 
dicular and the radius of curvature relative to the summit of the convex meri- 
dian arc continue to increase and become itifimte at the same time with the 

volume; whence it follows that at that limit th« quaatity — +— iBnuUtMiddiiB 

we know to be the character of the catenoid. 

The quantity ~-f—, or, whntisthesame thing,— +~, tending thns towards 

zero in proportion oa the nnduloid approachee tlie catenoid, tfas general ex- 
pression (§ 14) of the pressure exerted by an element of the enperfici^ Btratom 
shows that this preesnre tends, at the same time, towards tiiat of a plyie su^ 
face. If, then, we imagine betwe«i two rings a constricted portion pertaining' 
to an unduloid, and that this nnduloid is t^iding, by degrees, towards a cate- 
noid, the baees of the figure, bases whose preesare must always be equal to 
that of the constricted portion, will necessarily beeome less and less ocmv«K, 
and be finally altogether plane. Now, this is what is evidently realtsed by the 
experiment of f 14 ; when, after having formed between two rings a cylinder 
whose height doee not exceed } of the diameter, we gradually withdraw liqoM 
from it and the bowe sink, by degrees, till they lose all cnrvature, the eonstrlo- 
tioa which is produced and which deepens in the same proportion pertains to 
an unduloid wnich is tending towards its third limit, and thns tbo experiment 
in qnestiou exhibits before our eyes the progressiva transition of the nnduloid 
into the catenoid. If we collate the preceding arith the contents of f 13, wn 
shall be authorized to deduce the condnsion tlut every constriction, resting on 
two rings and presenting convex bases, is a constrietion of an ondnloid, whether 
tbe corvatm^ of the bases be superior, equal or inferior, toKhat of the bases of 
the cylinder which would be comprised between the eame rings. 

^ 20. We will recite, now, tbe ciicOrastances which have been presented to 
OB by the experimental iuvestigation of the partial catenoid of greatest height 

The diameter of the rings employed was 71 millimetres. In all the experi- 
ments which follow, the piooess commenced with forming a cylinder, and thes 
oil was withdrawn &om the mass, at first by tbe syring^id and afterwards by 
small portions; from time to time the operation was suspended in order to 
observe the figure. 

Firit expfriment. — Distance of the rings 56 millimetres. The versed sine 
of the spherical caps, which constitute the bases, is gradually reduced to a frac- 
tion of a millimetre ; then, dnring as intermption c^ the exhansdon, a singular 
phenomenon is produced ; the figure nndergoes a slight Bpontaaeoua modifies- 
tioni the convexi^of the bases rapidly augments nntil the versed sine re- 
tiieves a value of about 2.S millimetres, and consequentiy the constriction 
fonned between tbe rings becomes somewhat thinner, and uen the whole re- 
iipM; stationary. By still cautiously absorbing oil, the versed sine increases 
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to nearly 3 milliioetTeg ; finally, in conaequBnce of a new abeoiptioa. the fignro 
dieunitea in tbe usual loanner at the middle of the constricted portion. 

Second experiment. — Distance of the rings 49 millimetres. The bases pre- 
sent, in the end, a total loss of cmTatare, and then, as above, there is a spouta- 
neooB transformation: the bases again become sUghtly convex, with a versed 
sine of about 1 millimetre. A new absorption brings on disanion. 

Third experiment. — Distance of the rings 47 millimetres. The bases again 
appear to become plane, and the figure contiuaes in this state. Foilher absorp- 
tions seem, at first, to have no othgr effect than to deepen the constricted portion, 
while the bases still appear plane ; then a slight convexity is re-eetaDliebed, 
bnt not now- spontaneously ; it originates and increases in correepoadeace with 
the exhaustion; when the versed sine is about 1.5 millimetre, disunion takes 
place. 

Fourth. ez/ierimcMf.— Distance of the rings 45 millimetres. The bases be- 
come first plane, then slightly concave. The versed sine of this coaeavity 
increases nearly to S millimetres, and again a spontaneous transformation is 
observed; the concavi^ is chai^g;ed into a oonvexity, whose versed sine is 
nearly a millimetre. The action of the syringe then occasions disanion. 

FQiA experiment. — Distance of tbe rings 43 millimetres. Tbe bases are rAi- 
dered plane, then concave, and the vere^ sine of the concavity gradually at- 
tains 4 or 5 millimetres; the figure then dtannites. 

4 21. Let us consider what meea experiments teach ; first remarking that it 
is not easy to judge of the predee point at which the basea of the fignres are 
rendered plane, for an exceedingly slight om^ature eludes the sight. Hence 
aiisefl some uncertainty in the determination of the limit of height of the cato- 
noid ; fortunately the particulars which we have noticed will ftirnish us a means 
of a[^reoiation more exact. 

In the fourth experiment we necessarily realiie plane bases, from the circum- 
stance that tbe curvature, &om being convex, beoomes gradually concavo by 
the progressive absorption of the liquid ; but is this the case likewise in the 
seowid and third, in which we aeemed also to have realized planes 1 This 
is a point which we will attempt to elncldate. The first, second, and third ex- 
periments have this in common, that a small sponUmeons modification or tTan»- . 
fonnation of the figore is produced therein, while in the third this phenomenon 
does not occur; and this modification is obeerved decreasing from the first to 
tbe second, disappearing in the4hird, and reappearing in the fourth. From this 
we ehould infer tnat the third experiment forms a sort of transition, on one Had 
the other side of which the spontaneous transformations ore manifeeted ; but 
the efTect was shown in the ficet experiment when the bases had still a visible 
curvature, and in the fourth when they had assumed one in an inverse diroc- 
tioD; it is highly probable, then, that in the second, at the moment when the 
spontaneous transformation was seen to oecur, the bases stilt preserved a real 
corvature, though too feeble to be distinguished ; and that it was only in the third, 
where tbe distance of the ringa was 47 millimetres, that bases entirety plane 
were attained. If, in this third experiment, the bases conceived to be plane 
aeemed not to begin to lose this state until after the absorption of a very con< 
siderablo quantity of liquid, that evidently resnlts from the difficulty mentioned 
above of dearly distinguishing the point at which the curvature is annulled. 

Thus, for our rings of 71 millimetres diameter, we may admit that the dis- 
tance of 47 millimetrea differs very little from that at which we begin to obtain 
bases strictly plane ; and since 47 is obviously } of 71, we may eonclnde that 
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tbe mazimom height of the partial catenoid is, etther exactly or reiy mtAj, | 
of tbe diameter of the bases. - This catenoid ia represented by Fig. 21. 
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Let 08 Dov call attention to the slight epontaneons ti 
in themselvea. Till now, when we saw one of oar liqnid ^nros become tram- 
fonnod, and thns pass from an onstsble to a stable cqnilibTiiim, the alteratiM 
was profound, the maaa separated into two or serenJ parta, and tbe final raaok 
of the phenomenon always consisted of spheres or portions of spheres, fiei^ 
tbero is nothing of the kind : tbe altcrstioo is ineoBsidenble ; the mass does not 
disunite, and Uie final reantt is a fi^re which deviates little from the fooaiBr, 
at least in the portion realized, and which may be of the saiae natnre. In the 
first BTperimeDt, for example, an unstable partial undnloid is trojisfomifid jwo 
another nndutoid bat little different, and doubtless the Mutw is the ease in the 
second. Uoreover, what is still more remsikable. the compariaon of the fint 
two experiments seems to indicate that tbe onstaUe ludaloid sod tbe ataUe 
ondaloid into which it is converted aj^roatdi one another iade&iitely in ptHK 
portion as the distance ttf the rings is nearer the maximam hei^t of the uttt- 
noid. 

Tbe ezperiatents which wo are discnssing friniish the hey of the diffioMl^ 
indicated at the end of { 18 in regard to tbe stability of the partial oabenoid of 
greatest height. When, the rings being at the distance which oorreepooda t» 
uiis catenoid and s cylinder formed between them, the saiall syringe ia j^ ia 
operation, tbe figure becomes, as we know, ondnloid. wlueh, varying with the 
progress of the absorption, tends towards the catenoid ; bvt the iwid e 



inent flirthpr shows that if, after having attfuoed that limit, we wmtiDBetbe tvgn- 
ration, the figure again insetuiblr becomes an ondaloid which deviatas, in pro- 
portion to the exhaustion, from tuis same catenwd. If, then, th& partial oateooid 
of greatest height eooatitotas the transititHi between partial eatenoids stable and 
partial eatenoids unatable, it constitutea, on the other band, tbe transition fa»- 
tweeo a continuons sarios of stable nndaloids and anodier continooos series of 
nndoloids equally stable. Such is evidently die reason of the decided atabtti^ 
of the psrtial catenoid of greatest height ; hence, when, by means which wul 
be explained in a subsequent series, we render impossible tbe formation of emi y 
other figure bat tbe cMenaid, this loses its stability as soon as we give it tbe 
maxiramn height. 

We ckme here tbe study of the nnduloid and cat^ioid and pass to thtd of « 
third figure. 

§ 82. Of this tbtrd figore we already know a portion : it is tbe coostnctiaii 
witL concave bases obtained in the last two experimlnte of $ 20, a coiUGriotion 
-which, by die nature of tiioso bases, is foreign to the oaduloid and catenoid. 
To reidiae it, it is requisite, as has l>een seen, that tbe distance of the riD^p 
should be less than % of the diameter ; Fig. 22 represents, in its meridiao sec- 
tion, such a constriction, for a distance of the rings eqoal to about a third of the 
diameter, and when the bases have already become strongly concave ; the doi- 
ted lines are sections of the planes of the rings. Let us now endeavor, a< ia 
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tlte cue ttf tkft two paendisg figaree, to detemune the otmiplete form nf the 
saendUn ]ino. 

We will mention first a remarkable tnuisfffirmatioa which the partial fignra 
lutdpi^oes when the ratio betweea the distftnce and the dinmeter i^the rings is 
enfficientl; below } to allow the abeb^ction of a Urge quimtitj of liquid with- 
oat Dccasiomng diennion, and we cany this ebfltraction aa far as possible. The 
constricted portion and the hases alike becoming more concave, we know there 
most arrive a moment after which their sarfaces can no longer co-exist without 
mutnaDj cntting one another ; there is thea prodnced a phenomenon of the same 
aatnre as with the liquid polyhedrons, (Sd sedes, f ^ 31 to 35) — that is to say, the 
figure puses gradu^y to a laminar slate: two conical filmji are seen to fona« 
proceeaing respectively from each of the rings, and at the centre of the system 
a plane film, such as is shown in meridian section at Fig. 23. Theee films ac- 
quiring more and more development in proportion to the continued absorption 
of oil, the whole tends finally to be reduced to a sort of double laminar ind 
trancated cone; hot one of tlte films always breaks before we can reach that 
pomt. It hence results that if we wish to observe the constriction in all ita 
phases with the form proper to it as pertaining to the new figure of equilibrium, 
it is necessary to oppose an obstacle to the generation of films. Xow this is ac- 
complished without nifficnlty by subBtituting disks for rings, and thus prevent- 
big the bases from becoming concave ; we may then remove oil nntil the figure 
spontaneously disunites at the middle of its height. 

{ 23. Before- pursaiug the meridian line beyond the limits of the partial figure, 
we i^ould ofier two important remarks. 

In the £rst place, the constricted portion, whether realized between rings or 
disks, always shows itself perfectly symmetrical on both sides of die eerele de 
gorge. This is equally required br the theory, for the mode of reasoning of 
( 6 is independent of the nature of the meridian line, and applies as well to the 
oonstricted portion with which we are occupied as to that of the nndulotd. If, 
then, in a meridian plane, we imagine a rignt line perpendicular to the axis of 
revolution and passing by the centre of the cerde de gorge, all that the com- 
|4ete meridiftn line presents on one side of the above right line, it will also pro- 
Bent, in a manner exactly symmetrical, on the other side, so that this right lino 
' will constitute an axis of symmetry. 

In the second place, since, by emploving rings, the bases of the partial figure 
are coucave, it follows that, tlm>ngta tue whole extent of the complete figure 
the piossnre is lees than that of a plane surface. Nov, agreeably to the formula 

of such pressure, (§ 14.) this requires that the quantity ~^+-^,< o'l according to 

the notation adopted in this series, u+^r should be finite and negative. Id 

our new figure, therefore, the mean ciirratnro{Sd aeries, §§ 5 and 6) isn^ativo^ 
that is to say, at each point of this figure concave curvatures predominate. 

% 24. The points a and b, (Fig. 22,) at which the portia] meridian line stops, 
cannot, in the complete meridian line, be points of inflexion. We see, in fact, 
fro^i the direction of the tangent at those points, that if the meridian line, at 
its departure thence, pursued a curvature in the contrary direction, (Fig. 24,) 
the radius of curvature would, in this part of the figure, be directed to the in- 
terior of theliquid like the perpendicular, and that thus the quantity 77 +^ would 

become positive ; which cannot be, by reason of what has been said above. 

Beyond the points a and b, then, uie meridian line begins with a concavo cur- 
vature ; and the same direction of curvature is evidently maintained, for the 
Bome reason, bo long as the curve contiuues to retire at once ffom the axis of 
revolution and the axis of symmetry. But tfie curve cannot contiane Xa 9CW-. 
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rate indefinitely from tlioM two axea : in «4ect, if such' were ite eonne, H b 
clear that the curvature must diminish so aa lo be anoulled, in each of the two 
branches, at the point sitnated at infinity, whence at that point the radios of 
curvature would have an infinite value; and as it would etidently be the sama 

as regardBtheperpeudicnlar,theqnantity—+- would become null at that limit. 

It neceaurily follows that at a finite distance fivm ita aununit the curve bas two 
points in which its elements are parallel to the axis of symmetry, and this ex- 
periment confirms, as we are about to see. 

$ 25. If we use disks, which are placed at a distance Mual to about the third 
of their diameter, and carry the absorption of liqnid sofficiently tar, the ang^ 
comprised between the last elements of the surface of the mass and the plane 
of each of the disks diminishes until completley annulled, so that tiiat surface is 
then tangent to the planes of the diaka, ^Fig. 35,) and hence the last elements 
of the meridian line are parallel to the axis of symmetry. It ip very difficult 
to judge of the precise point where this result is attained, but we ascertain that 
it is really produced by continuing the exbandtion of the liquid : we soon see 
the circnmferenccs which terminate the surface of the mass abandon the mar* 
gins of the disks, withdraw, by a diminution of diameter, to a certain distance 
within them, and leave a smaU zone of each of the solid planes free ; now, as 
these zones remain necessarily moistened with oil, though the stratum be ex- 
cessively thin, it is clear that the surface of the mass must there meet the planea 
tangentially. If the separation of the disks is still less, we obtain a result of 
the same nature ; only, before spontaneous disunion takes place in the middle 
of the figure, we may still further contract the circumferences of contact, or, in 
other words, enlarge the extent of the free zones. 

§ 36. The reason assigned in § 24 to establish the absence of an inversiou 
of curvature so long as the curve withdraws at once from the axis of revolu- 
tion and the axis of symmetry, evidently still holds good at the points which 
we have just been considering, that is to Bavi at those where the elements are 
parallel to this last axis ; whence it follows that the curve afterwards approaches 
this latter axis, by preserving the same direction of curvature, as is shown at 
Fig. 27, where the curve is drawn on a larger scale than the portion comprised 
in Fig. 25, and where the axis of symmetry is represented by the right line XX.'. 
And BO long as these prolongations of the carve continue to withdraw from the 
axis of revolution, the direction of the curvature must still remain the same. 
For let ns suppose that it changes, at y and at ^ for instance, (Fig- 28.) then, 
from the poiuty to a point such as tn, situated a little beyond, the rndias of 
curvature and the perpendicular would have, it will be seen, oppo^^ite directions, 

eo that the quantity r:+^ would be a difference; now, fromy to m the per- 
pendicular would evidently go on increasing, since, on one hand, the distanoe 
from the axis of revolution increases, and, on the other, that perpendicular would 
have a still greater and greater obliquity; it would, therefore, be necessary, in 
order for the above difference to remain constant, that the radius of curvature 
Hhonld also continue to increase from f io m; but this is precisely the contrary 
of what would occur, for, by reason of the. inflexion, the radius of curvature 
would bo infinite aty and consequently could only diminish after leaving th^t 
point. It is needless to remark tliat what has been just said applies equally 
to the point g. 

Let ns see now whether, before reaching the axis of symmetry, the curve 
fian present two points, such as h and k, (k ig. 29,) where its elements shall be 
perpendicular to that axis. With that view we will examine what conditions 
the curvature should satisfy from the summit * to the points h and k, and it 
will suffice to consider the arc fnh. Let k be the point where the element of 
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the curve is parallel to the Rzis of flTmmetry. From « to n the radms of cutvk- 
tore and the perpeodicolar bare evidently contraiy directions, and the quantity 

— -|-~ constitiiteB a difierence; therafore, &om one point to anotfaet of this arc, 

the quantities H and N mast vary in the same direction; and as the perpen- 
dicular continnea to increase from the point « to the point n, the radina of curva- 
tore must continue likevise to increase; whence it follows that from t ton tho 
etirvatare ie continnallj decreasing. Still fiirther on, that is from h to X, we 
see that the radios of cnrrature and the perpeKdicular are directed towards the 

Bame eidfs so that the two terms of the quantity u"*" vf "^ '^^ ^^ same nze, and 

hence from one point to another the qoantities M and N mnst vary in opposite 
directions. Now, when we iwofive from n on the arc nh, the perpenaicolar 
begins to diminish, since at the point n it is infinite ; while the radius of cnrrature 
begins to increase, or, in other terms, the cnrvatore at thO' beginning diminishes, 
and, whatever its ulterior courae, will always be, at evevy point of the arc *A, 
weaker than at w, for at all those points the perpendicular is finite, and conse- 

Jneotly less than at n. Bat we know that the carvatnre continnee to increase 
-om M to »; therefore, in the whole extent of the arc nk, the curvature ie less 
than at any point of the arc m. 




This b^E premised, let us draw the right line hr parallel to the axis of 
symmetry, and then construct, beginning at the point n, an are tt< exactly sym- 
metrical as r^ards the arc Mr. In the wuole length of the arc nh the curvature, 
by reason of what has been said, will be less than at any of the points of the 
arc nt; whence it follows that this lost arc will he entirely interior to the former. 
Now, the arc ni meets at I the right line Ar by an element which necessarily 
makes with the part Ir of that line qn acute angle; then, in order that the are 
nA, which proceeds from » in the same direction with tJie arc nt, should meet 
perpendicularly at h the right line kr, it would be necessary that, after separating 
nom the arc *t, it should afterwards again approach It, which is evidently im- 
possible in consequence of the inferiority of the curvature at all its points. We 
perceive, indeed, that it onght to out the right line ir under a more acute angle than 
does the arcM/. Thns, the curve, in declining at its departure from n towards the 
sxis of symmetty, cannot cease to withdraw from the axis of revolution; and since, 
moreover, it cannot change the direction of its curvature, it must necessarily 
intersect the axis of symmetry. We further perceive that, in consequence of 
the condition which governs its curvatures, it must cut that axis obliquely, so 
that we arrive, in the end, at the oonclnsion that it forms a node, (Fig. 30.) 

We shall verify the existence of this node by means of experiment. If we 
have not commenced by doing so, it is because it was necessary first to demon- 
strate that, starting from a constriction, for which the pressure is less than for a 
plane surface, there is no other form possible for the meridiaa line. 
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§ 37. The conetrictions realised in the t-zperIm<-ntB of { 25 liMng gea'^mted 
by « portion of the node of the complete meridian line, it it obviom that the 
figure Kenerated by the entire node, from the enmmit of the latter to its point. 



woold be coQCave in tbe uterior of the oil ; but it is indifftirent, we know, (\ !£,) 
u K^aidfl equilibrium, whether the Itqoid be situated on om; or the otfatr sids 
«f the enr&ce ; the figurS generated by the node may, therefore, be equally v-U 
■apposed fall or in relief, and it is in the latter state that onr expBrDii'>nt viU 
lealtte it. Only when the liqaid ia transported to that side of the mure, tb* 
qnandtiea tf and N at onoe ohMge their sign, and conseqnently the ^lUDlt^ 

r^+^fifom being negative, as it was preTiously, becomes positive. 

We form, la a ring of iron wire, a bi-convex liqaid leas, (2d series, § 18,) 
whose thickness shall be abont equal to the sixth of^the diameter: for lOstaDce,, 
with a ring 70 millimetres in diameter, the thiA:ae3s of th". lens should bo about 
12 mm. If we pierce perpendicularly this lena in its centre, by means whi^ 
will be indicated belov, we obtain a regnlar annular figure, limited externally 
by the solid ting, and continuinK for two or three seconds; after wnich, tb« 
central opening is seen to stretch towards a point of the solid ring, the mass 
disunites at that point, and all the liquid flows towards the opposite part of the 
ring, there to form a large and perceptibly spherical maw. Now, the momentary 
annular figure, which is formed under these circumstances, is, though unstable, a 
figoro of equilibrium, since it subsists for some momeats, and its duration is 
long enough to enable ns to observe that its meridian section has the Ivrm 
Ti-presentea by Fig. 31, in which the 'dotted line ia the section of the plane of 
the ring. This meridian section shows evidently that the sarface of the figure 
prodoced is generated by a node having its summit turned towards the axis of 
revolution and its point to the solid ring 

Let ns dwell for ai\ instant on the details of the experiment jnst described 
and on certain modifications of it. To pierce the lens, we should employ a 
small cylinder of wood pointed at one end and joined at the other to an iroQ 
wire, which is beat obliquely, so that, holding it with the hand, wa can intro- 
duce the small cylinder into the vase and pierce the leas nerpeudicnlarly. If 
the diameter of the solid ring be 70 mm., aa we eapposea above, that of tha 
small cylinder should be about 16 mm.; and the cylinder and its point sboold 
be covered with cotton cloth in order to preveot all adhesion of the oil. 

If we give the lens a thickness sensibly ezceediog the sixth part of the 
diameter of the solid ring, the liqnid returns upou itself m soon as the cylinder 
is withdrawn, and the mass resumes its lenticular form ; but we may give a leas 
thickness than the above limit, when the central openiog wiU aaaume larger 
dimensions, and the node of the meridian line be oonsaqaeatly smaller. Whan 
the thickness of the lens is sufficiently mferiot to the limit in question, the maa- 
ner in which the epontaoeous destruction of the unstable figure takes pUee ia 
not the same; the central opening does not then extend towards a point of A-t 
solid ring, but the annular liquid mass eontracts and disuuilea in several plae^ 
at once, so sis to be converted into a aeries of small isolattd mosses, whieh 
adhere to different parts of the metAUicriDg. The unstable liquid ring spokoa 
of in § 19 of the second series pertaias to the sort of figure which we are now 
Btudying, aad it will be remembered that it proceeds from a lens whose Uuek- 
nesB has been rendered as small as possible. 

{ 28. As the liqaid riug may thus assume, ia the same solid nog, very dif- 
fereat dimeDsions according to the thickness of the lens, or, in other wor^, ae- 
Gording to the volume of the liquid of which it is farmed, it results that, for the 
same distance from the point of the node of (he meridian line to the axis of 
revolution, the length of the node may vary between wide limits: ia the er- 
periments above described, these variations are comprised between a very ^*n tn 
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fracttoD of the di'ataaca in qaestton and nearlj' three-fourths of that distwca. 
The complete figure with which we are otfcnpied ia thin not always gimiUr td 
itaelf, as are the sphere, the cylinder, or the catenoid ; like the iradiiloid it id 
BTieceptible of Tariatioos of form. A comparison of the liquid figures reprd' 
Bentect bv Figs. 25 and 26 leads to the same conclnaion. 

I 29. Before proceeding, we will notice a rem«rkabl«f particatar. If we snp- 
^se the node in relief, the Hqnid which occnpies^ it is in the eonearity of ths 
eorve;and since this line does not change the direction of its cnrratnre in patB* 
ing the point «, (Fig, 30,) the liquid wiD stiU occupy the concavity of each 
of the prolongations •» and uto; it fills therefore the spaces comprised between 
these prolongations and the node, so that thh node is engaged, whether com- 
pletely or psJtdally, in the interior of the mass. If we suppose the node hollow, 
\en creux,) it is, as may be easily seen, the ptoloogations uv and uui which are 
then engaged in the liqnid. Hence resnlts this singular consequence, that, 
though Uie general condition of equilibrium is satisfied, we cannot represent to 
ooradves the complete figure, except in die state of a simple surfsce, not is that 
of a liquid mass. In this last slate it is only possible to imagine Isolated por- 
tions of the figure — such, for instance, as the porUon generated by the node alone. 
This peculiarity of a snr&ce re-entering into the mass is one of those to which 
allusion was made in 5 1 of the second series, and which would tender the 
teolization of certain figures of equilibrium in their whole extent impossible, 
even if those figures did not extend to infinity. 

§ 30. Let us , attempt now to discover the course of the cnrve beyond the 
points V and w, (Fig. 30.) We already know, from reasons stated in §26, and 
Dluatrated by Fig, 28, that as long as the branches- of the curve continue to 
retire from the axis of revolution, the curvature cannot change its direction, nnd 
consequently remains concave towards that axis. This being so, there are evi- 
dently but three hypotheses possible : either tbe branches in question retire from 
the axis of revolution in such manner that their disianft from the latter tends 
towards infinity, or tbey tend towards an asymptote parallel to this axis; or 
each of them presents, at a finite distance from the point « of the node, (Fig. 30,) 
• point at which the element is parallel to the same axis. The first of these 
we may at once dismiss ; it would reqoire, as has been already shown, (§ 24,) 
that at tbe points situated at infinity on the two branches, the radius of curva- 
ture and the perpendicular should be both infinite, and thos the quantity 

— -f — would ho equal to aero. 

Letus examine, then, tbe second hypothesis, that, namely, of an asymptote paral- 
lel to tbe axis of revolution. At the point n (Fig. 30) the perpendicular is in- 
finite, and the radius of curvature finite, (§26 ;) at the point wLere the branch 
Mm prolonged would teach the asymptote, on the contrary, the radius of curva- 
ture would De infinite, and the perpendicular, which would measure the distance 
from that poiut to the axis, wonln be finite. In passing, then, &om the point » 
to this extferoe point, the perpendicular, at first superior in length to the radios 
of curvature, would afterwards become inferior to itj whence it follows that 
there would be on the curve a point where the perpendicular and the radins of cor- 
Tsture would be equal, and for which consequently the centre of curvature would 
be on the axis of revolution. Let a be this point, o the corresponding centre of 
curvature, and a^ a small arc of a circle described from the point o as a centre. 
One branch of the curve would quit the point a in the same direction and with 
the same cnrvature as tbe arc a^, and would tben immediately separate from the 
ktter. Now let ua suppose that at its departure from a, the curvature should 
at first go on decreasing; the curve will, at oommeucing, be necessarily exterior 
to the are of a circle. .Let ay be a small arc of this curve, in tbe whole eiMnt 
of which the curvature deeteases, and let the length of the are o^ be taken 
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Mul b» tkat «f dw m «r- '^'■^ P***"* }* **" ^' ^'^ ramote fin»D the axis tfaaa 
JJTmiiit ^- »aA nwreoTW, on SMOiiHt of the inferiority of the cuiratarefl, the 
tnJcaitiit r willfonn, irith this axis, a greater angle than the tanp:nt at 0; the 
BencodieaJar. tberrfore, at the point r will, for this double reason, be longw 
^Dlhe pcriiiodicnlw at th« point fi. Again, and >tiU by reaaon of the «- 
fwioritv rfenrwtorefc the radiui of cnrvature at the point j- will also be longer 
than the radini of cnrratoTB at the point fi j but. at this latter point, tbeoe two 
oo^ntiti- hare the KUce Tslnc as at the point a. In paBsing tLcn from « to r, 
dte radini of carratm and the perpendicular will both mcreaee. Now this is 
^Mnatible with tbo equation of equilibrinm ; as the curve, throughont thi put 
wli^ »e^ cMsidering, tnros its concavfty tovaide the axis, the radins of 
**~! ^ (l,g perpendicular have orerywhere the same sign, and conse- 
'""^r'Li.— «ne inrraasee the oUier should diminish, and rtnc ver*d. If ws 

enppose "uiH t~.^^ u> tbe arc of a circle, aud the same mode of reaaoaing 
euiTc wiu OB M luw that from one to the other extremity of the former tbe 
^ould e"^"^"!'^ I^j the perpendicoUr will both diminiih. Tbe hypothesis 
01 c „-i]el to the oxis of revolntion leading thus to on impossible 

•^■^►in tbu it must be «jected like the first. 

""." ■ Tk .hini hrooUiosiB. iherefbre. which is tme; that is to say, the curve 
" twopointe,?' snd /, (Fig. 33,) where the lai^;ent is paraUd to the uis 

of "'^ "jS'^^rimcnt fnHy confirms this theorelaca] deduction, and furnishes, be- 

j 31. ''"P* ^gjj fyj (he disooTcry of the ulterior course of the carve, 
^fg, a ^''K^^^ [,gjn» placed at any distance from one another — a distance, 
T '*" nnanl to their diameter — we form a cylinder between them, and 
Am- ■■""^'^ ji^iowcr the upper disk : the figure then passes, we know, to the 
^len SI*'' Z^^giig more ana more till it conBtitntes portion of a sphere, (Fi«. 
widoM' ^ ^^ contiBue to lower the upper disk, the meridian convexity stm 
J4,} But 1 jjggqoQntly passes beyond the above point j for a certain ap* 

gngments, ■" , ^^ ^^g, ve thus obtain, for example, the result represented by 
proiiraauon 01 ^ ^ ^^^^ j^ aj^^yg perfectly stable. Now, in this state, it 
I^. 35, ■'I" fgna part of an nndnloid, since the sphere has l>een exceeded, 
*" "" ■""'i!^ of thelimits of the variations of that figure, « 8.) We nmy 
^Ich is ^"t. jjg^ QQtil, at the points where the meridian line reaches the 
Ifun 1"^, jj-bg the tangents shall be nearly perpendicular to the axb of 
^ers 0' "'* ° g^ in Fig. 36, and for a less mass of oil in Fig. 37. It is 
i^velntioii' •* perpend icuiarity may bo attained ; but it would be very diffi- 
^ff/a po»«hls jjg*|^iiraDce of this, because, on the ono hand, the eye cannot 
nil to *fl'"'s,jQijt pieciBiOQ of the dirvetion of these extreme taugcnts, and, 
j^jp, witl" ""^^ liquid figure, at this degree of approximation of the disks, 
^ ib* """fji-ry. if we depress a little too much the upper disk, the oil is 
'■'•* it» ***rj'ii,aferred in greater mass to one side of the axis of the system, 
«b<«^ '^A M eeasM to be one of revolntion ; then, on this same side, tke 
^ tkst the Bg^ ^jieta of tbe disks, and spreads in pnrt on their exterior 
,il e«*** *" 

f^Si «f« JVfM K^ar 



af «^'t '"'' ^'*^*' '^'^ ^° ^^ preceding paragraph, so long 
■sio*. to "''•'-jj, ftom «, (Fig. 33,) continues to withdraw from the axis 
'^ (tr«. "^J^^Ss of curvature cannot become equal to th« perpendicnlar, 
J n^tnM> "\- '- -* t, must renuun inferior to it so long as the poiat 

-JAM***' 
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p Ib not Btttuned ; in the vbok extent, then, of the are « w ;>, azcept at the point 
m and perhitpB at the pointy, to wbicb the demoiutmtion d'KS sot extend, the 
centre of cnrvatnre is ahnjn sitnated between the cnrve and the axia, and coo- 
seqnently the. cnrratore ii alvaya itronger than that of a circninference of & 
ofrcle having its centre on the axis. Bnt, as we have juat seen, in the partial 
liquid fibres represented bj Figs. 35, 36, and 37, the meridian cnrvHtnree aie 
BtroDger than when the figure is a portion of a sphere, or, in other words, 
stronger than that of a ciienmfereQce of a circle passing by the borders of the 
didcB and having its centre on the axis. From this it is clear that these partial 
fignrea conadtnte portions of the complete figure generated by an arc of the 
moidian line extending on both aides of the point p, (Fig. 33 ;) only they re- 
late evidently to different coses of that complete fignro which wo know to b& 
meceptible of variations like the ondoloid. 

{ 32. We wilt take one more step in pnrsnit of onr meridian line. In the 
above ezperimente, when the densities of the two liquids are rendered qnite 
equal, the oil fignre is always perfectly symmetrical in relation to its equatorial 
circle. It ia by the eye, indeed, that we thus jndge, and it might be supposed, 
perhaps, that this symmotry ia bat approximate; bnt we shall proceed to 
ahow that it is exact. In the absence of all accidental cause of irregularity, 
there wonid be evidently no reason why an excess of curvatures should exist 
rather on one definite side of the equator than the other, since the two disks 
are equal and parallel ; whence it results that there is necesBanly a fbrm of 
eqidlibrinm in which the symmetry ia perfect. Bnt if, in tho partial figures 
realized — figures which are stable — symmetry were but approximated, it in^fH 
be necessary to admit that the exactly symmetrical form of equilibrium just 
spoken of would be unstable. If, then, all the liquid figures which can be 
ootained in the experiments described above, that is to say, in those which ^vo 
all the degrees of depression of the disk from the case of Fig. 34 to that of 
Fig. 36, and all the masses greater and smaller with the same dieka — if, I say, 
all these figures were symmetrical only in appearance, there would correspond 
to each of them another figure of equilibrium differing extremely little, and 
which would be tmstable. Now, the existence of two partial figures of eqni- 
libdum extremely near, the on** stable and the other unstable, mav well occor 
in a particular case of the variations of two complete figures, or, at least, of one 
of them, and we have seen an example (§§ 20 and 21] in regard to the contrac- 
tion of on uudnloid, when that contraction closely approximateB the partial 
catenoid of greatest height ; but we can comprehend that it is impoeaible for the 
same thiug to be reproanced in the whole extent of the variations of the partial 
figure realized. Hence we couclnde that, in the liquid figures of the preceding 
paragraphs, the ^nunetry is real, and that, in one complete meridian line, there 
IS thus, besides the axis of symmetry of the node, another axis of symmetry 
Muolly perppudicular to the axis of revolution, and passing by the point p, 
(Fig. 33.) Consequently, all that the cnrve presents on one side of this point, 
tt should present symmetrically on the other ; the node which exists above p 
must have its corresponding node below, and since the two have respectively 
their axis of symmetir, it necessarily results that, in the first place, they ore 
perfectly identical, and, in the secoud place,' that all that is found on one side 
of one of them must be identically reproduced on the other side ; whence it 
follows that above the upper node there is another like it, and above the last 
■till another, and so on indefinitely along the axis of revolution, while the same 
thing occurs below the inferior node, all being connected by area equaltj id'-nti- 
cal with one another. An extended portion of this curve is represented at Fig. 
38, in which the axis of revolutioa A B is placed boriaoatally. 

Th>! figure generated by this curve is thus prolonged indefinitely in the 
direction of thtt axis, like the cylinder and anduloid. Wo will give to this also 
A name, and will call it the nodoid. It should be observed that tiaa figure hsitt^ 
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equally with tbo mdoloid, ameeftible ct vnialioM het w en oertaa limitB. Ite. 
38 shinild be ngtiiei only ■■ jnaeatinf eaa csm at ia» nwridii line, f^ 

A ^ . . -_ — .9 

will: ortber reoD tlie obaemtion nude in § 29, and tIucIi will now be better 
Qoderetood Irom the Mpeanmce of this enire, namely, that the complete figore 
oan only be repfewni te g in the nXate of a aimple anrfkcc aince, if it were auppowd 
to be foil, there would eridentlv be parts oi it enesKod in the mass. 

V 33. Before we proceed to the consideration of the nodoid in its variations, 
a qneation ehonld be reaolved wliich is enggMted by the experiments of ^ 31. 
Since we know now the form of the meridian line, we see that tbose experiments 
realize the portion of the nodoid generated by a part, more or less considerable, 
of one of the arcs courez towards the exterior, such aa »pi^, (Fig. 38.) 
Bnt it may be asked if this does not reqaire that, with disks of a given diameter, 
the volume of oil shonld be comprised within certain limits, so that for larger or 
smaller volames the fignre realized wonld no longer pertain to the nodoid. To 
dej^rmine this, let ns take one of the figures realized, follow the meridian bc 
beyond the point where it meets the edge of one of the disks — the opper one, tot 
inetaoee — and let iiAsee whether it be possible to arrive at a curre other than 
the meridian line oTa nodoid. 

We will suppose, first, that in that part of its course where it continues to 
nprosch the axis of revolution, and to withdraw from the axis of symmetiy, 
£o curve presents a point of inflexion, so thnt it shall aflcrwards turn its coo- 
Texity towards those two axes. If, while still approaching tlie first, it chnnged 
ft second time the direction of its curvature, the perpendicular corrceponding to 
this second point of inflexion would necessarily be shorter than the perpendicntar 
corresponding to the first, since it wonld have leee obliquity, and wonld proceed 
from a point nearer the axis. But this is incompatible with the equation of 
equilibrium; for this equation being rednced at all the points of ioflexion to 

f, ^G, the two abo^-e perpendicnlars must be eqnoL The existence of tUs 
second point of inflexion being thus impossible, we see that beyond the first, the 
curve, which cannot (J 3] attain the axis of revolntioo. must necessarily either 
tend tovards an asymptote parallel to that axis, or else present at a finite dis- 
tance a point where the tangent shall be parallel to the same axis. 

That the first of these two conditions most be rejected is at once obvioOs; 
for at the extreme point where the curve would tonch the asymptote the radios 
sf curvature would be infinite, which wonld again reduce tue equation of 

eqnilibrinm at that point to ^^0, and the perpendicular wonld' there also be 

evidently shorter than at the point of Inflexion. In the swond case, the point 
where the tangent would become parallel to the axis of revolution cannot, on 
leooDut of the evident inequality of the perpendicnlore, be a second point of 
inflexion. It wonld then constitute a minimum of distanea to the axis, and ooi^ 
Bcuucntly a small arc extending on both sides of this minimum would genemt* 
« constriction which might be realised between two equal rings or disks. Now 
we tan discussed all the possible partial figures of that nature. We have 
IMU -k" eveiy constricted portion pertains either to an unduloid or a cateuoid, 
■t V ^ Mft of a nodoid) which encompasses the summit of a nodus; bnt ws 
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Imov t&at the eonrex partul figure wltlt whieli we Btarted ia not poetuw of u 
iMMlaloid, aince its oeoTexitf eieeede the spheie ; it is perceptiue that it it 
not portion of a catennid, and from what pTooedea we Bee that the above con- 
Inction cannot be portion of a node. 

Thus one .original hypothesis of a point of inflezian in the part ef the ourre 
which is withdrawing from the axis of syiametrj and approaching the axis ot 
rerolutjon leads inevitably to impossibilities, and, consequently, the curve 
maintains the same dtrectioa of cnrvatore until it deviates &om those conditions. 
But to do so it is ev^ntly necessary that it should first cease to withdraw 
ttom the axis of symmetiT, or, in otbw terms, that it should present a point 
where the tangent is parallel to that axis. Neither is this point one of inflexion, 
for the perpendicular and the radins of otuvaCue would tneie be both infinite, 

which woold annul the quantity ^+^- Beyond this point, then, the carve 

ledescends towards the axis of symmetry. stiU preserving the direction of its 
curvature. Further, this same direction ia maintained, as we shall show, so long 
as the curve continues to descend. In effect the liquid of the partial figure 
realized, and which has served na for a point of departure, being situated in tha 
concavity of the curve, we readily see that at all the points of our deacendiug 
branch die perpendicular is n^ative. But if this branch contained a point ^ 

inflexion the quantity w-i-jg - 

•nd consequently, on account of the sign of the perpendicular, wonld be also 
n^aUve; while on the meridian arc of the realized partial figure the radius of 

curvature and the perpendicular being both positive, the quantity —+— is itself 

positive. 

But the branch in question cannot descend indefinitely by still approaching 
the axis of revolution, or, in other tMma, cannot tend tomtrd an asymptote par- 
allel to that axis ; for, at the point situated at infinity on the asymptote, the 

quantity u+h vould agun be reduced to the term ~,and consequently would 

' be again native ; it is neceasaiy, therefore, that one branch should pass at a 
minimum of distance from the axis of revolution, and should thus form the 
generating arc of a consirictjon ; and as this constricted portion could pertain 
neither to the nadoloid nor the cateuoid, it necessarily constitntea the summit 
of a node of the nodoid. TVe must recur, therefore, to the meridian line of the 
nodoid, and conclnde that all the figures obtained in the experiments of § 31 
^re partial uodoids, whatever the degree of approximation of the disks, pro- 
vided the spherical curvature be overpassed, and whatever the volume of oil in 
relation to the diameter of the disks. 

§ 34. We are now in a position to consider what is the nature and what the 
limits of the variations of the nodoid. Since, in the experiments of § 31, we 
pass by a portion of a sphere, after which, as has been jnst seen, the partial 
nodeid is iufmediately realized, and time the latter then varies ooutiuaally until 
,it reaches the phase at which instability commences, it is obvious that the por- 

. tion of a sphere constitutes one of the limits of these variadons, and that hence 
the limit of the correspondii^ variations of the complete nodoid ia an inde- 
finite series of equal spheres, having their centres on the axis. Bnt it will 
readily be perceived tiiti the only possible mode of oontinaons variation 
tending towards that limit is the following : in proportion aa the complete nodoid 
^roaches the aeries of spheree, the dimeosions of the nodes aa well aa the 
distance of their summits nom the axia 'Ij'ni'n'h more and more, while the enr- 
TBtare of the area which ooaneet ^Ase nodee verges towacds that ^ the eir- 
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dunference of a circle having itt ceotre on this aame azts ; fia&llj, at die limit, 
the nodes eatirely disappear, and the above arc« become so many domi-circnm- 
ferences, taneenta ooe to the other. The spheraa, therefore, generated by these 
Mmi-dnnnifereucea are tangents also, and benee it reanlt^ that one of the limits 
of the TariatioDS of the nodoid is aa indefinite eeriM of eqnal a phBreg , whidi 
tonch each other upon the axis. We already know (§ 8) that a eimilar aeries 
of Bpherea constitutes one of the limits of the variations of the undnloid, so 
that this limit is common to the two figures, and forms conseqaently the transi- 
tioQ from one to the other ; this la likewise shown by t^ experiments of ^ 31, 
since, in passing from the cylinder to the portion of a smere, the figure realised 
always pertains to the nndoloid. The meridian line ot a nodoid, but little re- 
note from the limit just ascertained, in repree«alted by Fig. 39. 



$ 35. The variatione of the aodoid have a second and very remarkable limit. 
Let ns realize, by the process explained in ^ 37, the portion of a nodoid gene- 
rated by an isolated node ; let na snppose, moreover, that we snecessively repeat 
the experiment with solid rings of constantly increasing size, and that wo so 
modify the volume of oU that the length of the meridian node, that is, the dis- 
tance from its summit to its point, shall remain the same. When the diameter 
of the solid ring is very considerablei the perpend icnlars corresponding to the 
different points of tho node will be all very large, so that at all these points 

tlie term ^ of the equation of eqnilibriiim will be very small, and we perceive 

that this term will tend towards zero in proportion aa the diameter of tho solid 

ring tends towards infinity ; bat it cannot be thos with the term n, for if this 

last also tended towards zero, the liquid figure wonld have for a limit of its vari^ 
tiooa the cstenoid, which is evidently impossible under the conditions implied— 
that is to say, when the node is of constant length ; we can always, tben, im- 
agine the solid ring so large that at all points of the meridian node the term 

^ shall be very small relatively to tho term |; . The latter, which expreeaea 

tho meridian curvatnre, should now, in virtue of the equation of cquilibriam. 
vary very little on the whole contour of the node, and consequently this will 
closely approximate to the circumference of a circle. It is clear that, in this 
cue, the curvature of tho arcs which connect the consecutive nodes of the 
complete meridian line will also bo very nearly constant, and of the same order 



with that of the nodes, for tho term i^ will be also very small on the arcs in 

BQOetion. From this we perceive that the consecutive nodes of the meridian 
ne will encroach upon one another, and that hence for a certain large diameter 
of the solid ring this line will have the form partially represented at Fig. 10. 
in this fignre the axis of rsvolution is not indicated, because it is situated at 
too groat a distance. 

It we imagine the diameter of the ring still farther enlarged, the meridian 
eurvature will still more nearly approadi uniformity ; the nodes will be more 
nearly eircolar «id will more closely encroach on one another; finally, at the 
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pletelj' dieappear for all points of the meridiaa line ; which, as regaida thia entire 

line, will reduce the eqostiou of eqniUbrinm to r^ := G ; the radius of corratim 

will he then strictly coofitant, and wc shall arrive at this eiugnlar result, that the 
total meridian line will be coadensed into a single circumfereuce of a circle ; and 
as the latter will be situated at an infinite distance from the axis of revolution, 
we perceive that the figure generated will be simply a crlinder. Thus the 
second limit of the variations of the nodoid is the cyliadei ; bat this cylinder is 
placed transversely in relation to the axis of the nodoid &om which it is derived, 
and that axis is in6nitely removed from it ; while the cylinder which forms the 
second limit of the variations of the laduloid (J 8} has for its axis that of the 
latter figure. 

§ 36. For the jpartial realintion of a nodoid whose complete meridian line 
shall be of the kind n^esented by Fig. 40, it is not aecessaij that tlie absolute 



diameter of the solid ring should be very considerable ; it is sufficient that this 
diameter be large relatively to the length of the meridian node. For, if we 
reflect that, in this latter, the curvature continues to dimluish (§ 26) from the 
summit to the points where the tangents are parallel to the axis of symmetry, 
and that, from thence to the other extremity of ibe node, it is less than at those 
points, we shall perceive that if the length of this same node is small in relation 
to the radius of the solid ring, its width will be still snudler, and that at its 
summit the radins of curvature will be extremely small in comparison with the 
distance from that summit to the centre of the ring, a distance which constitutes 

the perpendicidar. At the summit, then, the term — will be inconsiderable m 

regard to the term — , and the value of the quantity —+-- will depend chiefly 

on that of — ; but it is at the summit that the perpendicular is least ; therefore, 

upon the rest of the node and upon the arcs which unite this node with the 

nodes neighboring on the complete meridian line, the term - will have still less 

influence, and consequently, ia the whole extent of that line, the curvature will 
vary but slightly. 

The liquid ring momentarily obtained in a solid ring 70 millimetreB in diame- 
ter, by piurcing a disk reducra almost to a film, (3d series, ^ 19,) constitutes a 
partial nodoid of the kind which we are considering ; this liquid ring has, in 
e£fect,bnt little size relatively to the radius of the solid ring. It is also evidently 
a cuncave portion of a nodoid of this kind which we realize in the oxporiments 
■ of 4 25, when the disks are very near one another, and we stop the exhaustion 
of oil at the point where the extreme elements of the meridian arc are sloped on 
the faces of the disks at their borders. Such, too, is the figure realized in the 
experimeuts of § 31, when the distance of the disks is very small and the extreme 
elements of the meridian are are inclined as nearly as possible on the prolonga- 
tioni of the solid faces. Here, however, the meridian arc dow not utpertun to 
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one ■ingle node : it ifl formed, ae will be saui hj Fig. 40, of the are wfaidi onitet 
two consecutive nodes and of two portions of the utter. 

f 37. The variations of the nodoid, finally, have, lilte those of the undoloid. 
a third limit, which is discloaed by the eame experiments that have led as to a 
koowled^ of the nodoid itself. In the expetimeata of §§ 20 and 23, when, after 
having ibrmed a cylinder between two rings placed at a leas distance than § of 
their diameter, we pn^resaively remove some of the liquid, the partial figure, 
as we have seen, becomes first an nndnloid, then by degrees attains the catenoid, 
after which it immediately passes ioto the nodoid ; whence it evidently follows 
that the catenoid ia one of the limits of the variations of the nodoid, and, mote- 
over, that it constitutes a new transition from the latter to the nndoloid. We 
have already recognized ({ 34} another, eonsisdng in an indefinite sncceasion ti 
spheres. 

The third limit, then, of the variations of the nodoid is the catenoid, and it is 
easily made apparent how the figure becomes thus modified. If we consider 
that the experiments just spoken of realize the portion of the nodoid generated 
by an arc pertaining to a node, and presenting its concavity externally, we ahall 
thence conclude that the portion of the nodoid which passes into the catenoid 
is that which is generated by one of the nodes, whose anmmit becomes that of 
the meridian catena. This being premised, let us conceive that each of the nodes 
of the complete meridian tine becomes gradually modified to arrive at the catena, 
.and let ni imagine, for the sake of distinctness, that, during all these modifica- 
tions, the distance of the summits &om the axis of revolution remaioe constant. 

Inproportionas thenodes approach the catenatheqn(intity—+^ tends towards 

zero, but on all the arcs which unite the nodes with one another the qoantitaw 

IC and N are of the same sign, bid oonseqnently the qnant^ v "'"ia ul'bI'^oil t<> 

these arcs cannot tend towards zero nnleBB M and N tend at the same time 
towards infinity; all the points, then, of these arcs will withdraw indefiuitely 
from the axis of revolution, while their curvature becomes at the same time * 
indefinitely weaker; whence it fqllows that the extremities of the nodes will 
withdraw fnrther and fitrther from the axis, while, by the iocieasing develop- 
ment of the intermediate arcs, which, &om the nature of the carve, evidently 
eauuot diminish in corvatore without acquiring greater extension, the node* 
will separate more and more from one another, nntU, at the limit, they are all 
infinitely distant and infinitely elongated. If, then, we consider one in partic- 
ular, the whole curve will be reduced to that one alone, and, on the other hand, 
its extiemlty or point will have disappeared, and it will be found to be trai^ 
formed into the meridian line of a catenoid, that is to say inta a catena. 

S 38. A lost question now presents itedf: Are there other figores of eqoili- 
brinm of revolntion besides those of which we have thna &r recognized the ex- 
istence i All these last are such that portions of them can always be comprised 
between two equal and parallel disks. Now our experiments have exhausted 
all the combinationa of that kind; whence we most conclude that if there were 
Still other figoies, they i^nld be of such a nature as not to be capable of fulfilling 
that condition, and, for that, it would evidently be necessary that their meridian 
lines should present so point whose distance froip the axis of revolution wonld 
be a maximum or a minimum. As these lines, moreover, conld not reach the 
axis, (S 2.) they must continoe always to leave it, from a first point situated at 
infinity on an asymptote parallel to that axis, up to another point aitnated like- 
wise at infinity. This being so, at the first of these two extreme points, the 
radius of curvatnre would be necessarily infinite, while the perpendicolar wonld 

be finite, md the«qnatioD of eqiulibriom wonld be redtued tOT^=:G; but &9ia 
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thia it reenlte that the currstare conld nowliere change its direction: for if 
there were a point of inflexion, tbe equation of eqoilibriam wonld be there also 

radoced to ^^0, and consequently the perpendicnlara at the above first ex- 
treme point, and at tbe point of infleziDn. wonid be equal, which is OTidentlj 
impossible. Therefore, the cnrre being iree from all nndulation, the cnrratnre 
would necessanly tend towards zero, or, what amoants to the same, the radins 
of corvataie would tend towards infinity in approaching the second extreme 

point, so diat at tliat point the term — would disappear as at the fimner, which 

wonld reqiUre, as before, the impossible equality of the two perpendiculars. 

The sole figures, therefore, oi^eqnilibrium of revolulion of a liquid mass with' 
drawn from die aetiou of gravity are those at which we have arrived in the 
second and in the present series, namely; the sphere, the plane, tbe cylinder, 
the unduloid, the catenoid, and the nodoid. All these figures, with the excep- 
tion of the sphere, having infinite dimensions in certain directions, it results 
that, among the figures of equilibrium of revolution, it is only the ephere which 
can be realized in a complete state with a finite mass of liqiud ; hence, as we 
have seen, it is always the spherical form which is assumed by a mass of oil 
abandoned to itself in our alcoholic mixture. 



[TO BE CONTINUED IN THE NEXT 
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It has freqaentl; boen observed that then exiBts a certahi resemblance be- 
tween Mchmalogj aad geology, notwithBtandiog the different character of tlu 
reanlte obtaiaea hj these sciences, and the parallelism wliicb the/ exhilMt is 
realty of enfficient distinctness to justify a comparison. Br examining the 
petrified renuuns of animals and plants that are fonnd in the layers composing 
the cmst of the earth the geologist determines the different phaaes in the histoiy 
of onr planet ; while the stadeat'of archeology, in endeavoring to throw light 
on the former condition of mankind, has to rely in a great measoie on the rnins 
of bnildings, on earthworks, implements of Tarioos kinds, organic remains, and 
other tiacas left by those who passed away long ago from the ecene of life. 
But even in the results of the two sciences the auMogy ia not entirely wanting, 
in BO for as the geologist, though succeeding in establishing the relative age of 
the strata, ia unable to determine with any degree of certainty tbe time that 
was required to form the stony shells sairounaing oar globe ; and in treatiDg 
uf ante-mstoric periods, tbe archeologist, likewise, is at a loss to fix the period 
when a people existed, of whose coaditions of life, manners, and domeetic 
habits he can give the most satisfactory account I will mention in this place 
only two recent discoveries in archteology, namely, thelaetutrine viilagaoiSwitt- 
erland, Italy, and Qermony, and the KjoekiaunoeddMgt or refii*e-Aeapt occur- 
ring on the Danish islands. In both coses we obtain, hy tbe minute researches 
and ingeniouB concluaionB of scientific investigators, a knowledge of certain 
populations concerning whom history is entirely silent ; and whUe we have be- 
come acquainted with their character and manner of living, we neither know 
their names, nor are we able to determine the period when they iobabited those 
places which abound with tokena'of their former existence. Tbe lake-dweU- 
luKS as well as tbe Kjoekkenmoeddtngt have beeu described in the Smithaooiau 
poDlications* and elsewhere, and it would be useless to enlarge here on these 
subjects ; but as I intend in this sketch to treat of American remains aiLoilar 
to uie Kjoekkenmoedding*, I will merely devote a few words to the latter memo* 
rials of antiquity. On Uio coasts of the Danish islands and along the fjorda of 
Jutland there occur exteusive heaps of shells, mostly of the oyster, which were 
considered for a long time as formations of tbe sea, until of late their artificial 
character was establtehed by Danish savans, who proved them to be the accu- 
mulated refuse of the repasts of a people that dwelt in former ages, beyond the 
record of histoty, oo the shores of these islands. 

The indicationa of the artificial origin of these shell-heaps chiefly consist in 
a total absence of stratification which always characterizes marine deposits, and 
in tbe fact that the rubbish contains rude flint implements, fragments of coarse 
pottery, fireplaces, charcoal, cinders, and the bones of various animals, some 
of which are now extinct in those parts, as for instance the nma, fBot unu 
or prijiHgeniiu,J beaver, and auk or penguin, fAIoa impatnu, Lin.) But 
neither bronze nor iron has beeu discovered in those places, from which it may 
be inferred that the inhabitants were unacquainted with the use of metaU* and 

•^Annual SmithMinian Beportt for I860 and 188K 



AETIFICIAL BHZLL-DEFOaiTS IN tfBW JERSEY. 



an 



belonged to thu ranote period wMdi is colled " tbe ng« of atone" hj the archa 
ologiBtB of Europe. 

From tbe udutda of tHe Baltic seo I will now torn to ^e Bhores of New 
Jeney. 

While Bpendiogi during tbe anmmerB of 1863 and 1864, some veeke at Key- 
port) Monmontb coant^i New Jersey, s small town aitaated on Baritan bay, I 
examined witbin tbe precincts and in tbe neigbborbood of tbat place several 
sbell-depoaits whicb are ontaietakably artificial and tbe memori^ of tbe In- 
diana wbo formerly inhabited tbia region." Tbeae depoaita evidently owe their 
origin to tbe tame canaea wbich produced tbe Danian Kfoekiemnoeddingt, to 
wbicb tbey ooneapond in all eaBontiat points, constimting occnmulations of oast- 
away abella, which aometimee merely form a more or lees dense covering of the 
aandy aoi'lace, but alao is a few inatancea beds or layers intermingled with sand 
and pebblee, in which case tbey aaaame tbe shape of irregular hillocks or 
mounds. 

The shell-depoflits of Keyport indicate the piaaea where the aboriginea were 
accuBtomcd to feast upon the spoUa of the neighboring beach, remarkable for 
its abundance of oysters, clama, and other eatable mcllaaka. Tbey selected for 
this purpose favorably aitnated localities at some distance from the shore, and 
Bufficiently elevated to be out of reach of high tide ; and in a few casea that 
fell uuder my notice, the riiell-lieds are contignons to creeks which run into the 
beach and probably afforded the means of tranaporting the anpply of abell-fiah 
in canoea &om the sea directly to the place ot encampment. Tbe principal 
food of tbe aboriginal coast-popnlation was evidertly fumiabed by the common 
(Tester (Oitrea boTtalU, De Kayi and the hard-ahell cUm (Venu* tntrcenaria, 
lAn.J for their valves, partly very old and frequently broken, conatitute almost 
entirely these aecumnlations of shells ; but the common periwinkle (PgrtUa 
canaiicalata and P. carica, De KayJ is also often met, ana was probably eaten 
by tbe aborigines, as it is at present by some of their Ganoaeian encccBsors. 
I found only two or three spccimeus of the soft-shell clam (Mya arenaria, 
hi*.) among tbe ehell-hcaps, and none of the common black mnaael (Mytilut 
eduiu, liot.J The laat-namod epeciea, however, does not occnr in great num- 
bers iu tbe neighborhood of Kcyport, and the soft-shell clam has, as ita name 
indicates, very thin and perishable valves, tbe fragments of which may lie buried 
among the thicker and more durable shells of the other molluaks. It wonld 
be raiih, therefore, to suppose the soft-sbell clam had beeu excluded from tbe 
bill of fore of the Indiaoe. Among tbcac remains of moUnska the broken bouca 
of animals are occaaionally met with, though generally in snch au advanced 
state of decay that their character can no longer be determined; for, owing to 
tbe noil -conservative quality of tbe sand whicb surrounds them, tbey have be- 
come entirely deslitnte of animal matter, and will almost cmmUe to pieces 
when baudli^ for examination. The direct evidences of the oceupaDcy of these 
places by the Indiana are not wanting, and consist of numerons firagments of 
pottery and etone implements of thcueual kind, otherwise very scarce in this 
part of New Jersey. 

By for the most exteusive abell-bed I had an opportunity to ezamhie occors 
on the farm of Mr. George Foole, aituated a mile and a half northeaat of Key- 
port, and about three qnarteis of a mile south of a amall projection of the coast 
known aa Oonaskonck Point. The road leading from Keyport to the village 
of Uuiou paGses throosb tbe farm lands, which occupy an area of ninety acres. 
This locality waa doubtless for many generations tho abiding place, or at least 
the periodiral leaort, of the Indians, and traces of dieir fonner presence in the 

* Mj attoiHoo wM lint dJratted to theu aboriglDal remaiiu bj the Bev. Samuel Lock- 
wood, a iduttifie gtmClamui of Kejpoit, who hod reeoguiied thcdrittne character bofon I 
inade oof mvMtigaUous. lO^jlC 
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shnpe of cnet-away shells, urow-pointa, and broken potteiy, nuy be discoraei 
almost in erery field belonging to tbe farm. Their princi^ cuaping-groBBd, 
however, waa eitoated close to the road already menlioned, and is indicated by 
the dark dotted space on the accompanying plan. Here we have a Kjoek/cemmtoed- 
ding in the real sense of the word. Seen from a distance, this place has almdst 
the appearance of a snow-covered 
field, owing to the great nnmbcr 
of bleached shells oonstitnting this 
deposit, vhich spreads over an 
area of six or seven acres and 
fi>nas several extensive faeape or 
nwonds of an average height of 
about five feet. Bat these lieaps 
do not exclusively consist of shells : 
the latter are mostly imbedded 
in sand, probably carded thither 
by the action of winds — by seolic 
action, as science calls it — and in- 
termingled with innumerable peb- 
bles representing varions mineral 
substances, among which those of 
the quartz family seem to pre- 
dominate. As in other localities 
of the neighborhood, the shells on 
this spot are the remains of oys- 
ters, hard-shell clama, and peri- 
winkles, the last-named kind of 
shell-fish being represented, as 
ehievhere, by a comparatively 
small number of specimens. 

That considemble time was re- 
quired to heap np these shells is 
evident, and, mpreoveri indicated 
by the chalky, porous appear- , 
ance and fragility of many of the valves, while those that were cast away at later 
periods exhibit these signs of decay in a far leas degree, and are even someHmes 
M sound as though they had. but lately been left on the shore by high water. 
A groat number of the shells are broken, especially those of clama, which seem 
to be more brittle than oyster shells. This breaking into fragments U canscd by 
the sudden changes of temperature, in consequence of which the valves crack and 
nltimately fall to pieces. Oonceming the depth of this deposit, 1 learned tiat 
about twelve years ago several hundred loads of shells were taken away from 
a certain spot for making a road. The excavation thus produced reached 
about eight feet downward, and the mass waa found to conaist throughout that 
depth of sheila, aand. and pebbles. My own diggings, which were; however, 
of a more superficial character, led to the same result. This shell-bed is about 
half a mile distant from the shore at low tide, and the intervening area con- 
sists chiefly of so-called salt-raeadow. In tranaporting the shell-fish to the 
camping place it is probable that the aborigines availed themselvea of a small 
nameleas creek (marked a on the plan) mnning towards the sea, west of the 
shdl-bcd, and not very distant from it. This creek, though rather narrow, is 
sufficiently deep for canoe navigation during high water, and joins the more 
considerable Oonaakonck creek, which flows into the beach. There waa, oott- 
sequently, a water connexion between the sea and the camp. The space en- 
closed by a dotted ^ne on the accompanying pbm indicates the continnation. 
or rather the running out, of the shell-bed just described ; for here the shells 
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are hj far leee nnmeroiis. and form no longer heaps, bnt lie tbinly scattered 
over the gronnd, which ia partly ander calttvation, and swampy in Bome 
placeB, as marked in the drawing, by which it is only intended to show ap- 
proximately the location and extent of the deposit. 

By searcliing among these shell-heaps and in the a^acent fields I obtained 
more than three hundred specimens of Indian mannfactore, consisting of stone 
axes, arrow and epear-poiats of different shapes, flint knives, and many pieces 
of broken crockery. The tomahawks, which consist of greenstone or sand- 
stone, are of the usnal shape, and encircled with a groove for attaching them 
to a handle. The material of the arrow and spear-heads is either flint, com- 
mon quartz, greenstone, or a kind of dark slate. The apcdmens made of the 
two last-named mineral suhatanoes have a rather clumsy appearance, owing to 
tlie roughness of the materiel ; but those wrought of flint are mostly well 
shaped and present pretty good samples of aboriginal art. That the manu- 
facture of arrow-heails was carried on in this place is evident from the great 
number of flint chips which lie scattered among the shells ; and, moreover, I 
picked up several unfinished arrows, which were thrown aside as useless in 
consequence of a flaw or wrong crack, or some other irregularity in the mate- 
rial. These specimens are in so fiu- interesting ae they illustrate the proceaa 
of aiTOw-making. The fragments of pottery which I collected here cmiaist 
' of a dark clay, either mixed with coarse sand, or pure, and for the most part 
rather slightly burnt ; some of the sherds still bear the ornamental lines and 
notches cut in the sarface of the vessels. The mixing of the clay with 
pounded shells does not seem to have been practiced by the Indians of this 
region. I found also a fragment of an apparently large vessel cut out of a 
b^se stone. A few clay beads were picked up on the spot, hut I did not 
obtain any of them. 

The last Indians who visited periodically the neighborhood of Keyport, even 
within the recollection of old jpeople, belonged, according to the statement ot 
my informant, to the tribe of Narragansetts. They made their appearance- 
every year and caught shcU-fish, which they dried for winter use. Their en- 
campment, however, was not on the spot of which I have given a description, 
but in Pleasant Valley, a little less than four miles south of Keyttort. 

I am informed that similar shell-beds occur on Lone Island, where thfr 
neighboring farmers use the shells for burning lime. Two centuries and a 
quarter ago the Dutch colonists of Manhattan island made the same use of lh& 
snells heaped np by the Indians of that locality. The account of New ]!ieth- 
erland given by the Jesuit missionary Isaac Jpgncs, contains the following: 
passage relative to the subject : 

"Tbere are KiTne houses built of bIodh; lime they DUkka of oyster bImIIs, neat heaps of 
wUch ue found here, made fonuerlj bj the lavage*, who snbsUc in part by that fiabeij." * 

Sir Charles Lyell saw on St. Simon's island, near the mouth of the Alta- 
niaha river, in Georgia, large Indian shell-mounds, of which he gives the fol- 
lowing description : 

"We landed od the northeast end of St. Simon's inland, at Cannon's Point, wherawe wera^ 
"' ' bj Che BJglit of a cahona monunieul of the Indiuus, (he lsrge<t mound of abells lefV 
■ ■ ' ■ tban I 



by the aboiigineaTn anj one of tbe aea iilands. Here ore no lees tban ten acres of ground,, 
elevated in noma places ten (vet, and on an average over tbe whole area five feet, above the 
ganeial level, composed ibrougiioat that depth of myriaUa of cost oyster shells,, with soma 
muaeli, and here and there a modlola sod helix. Tlie; *iio have seen the MoDt« Testaceo, 

" Hemolr of a Cwtivity among' tl 
in 164-^*43, and other Papera, bv Father ^saac Jogues, of tbe Soci«tj of >PBeDS, with a 
Ifemoir of the Anthor, hy John Gihnaiy Shea, (New York, 18&7|) p. 57.. In tbe original the 

paMBfte rons thai: "II V a qnelqr— ' — '-"---■ — j- -!— - ti- <■— . ,- -i -.. a.. 

GoquiUet d'hniitree dont U j a de g 
«D partie de cette pwcba." 
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DMi Bome, know wfui gnat multa w^ proceed from iiidgiiifie«nt cMiM* where tbc enian- 
IfttiTe power of time hai been »t work, «o liiM % hill id*; be formed out of the biok»n pok 
ter; rejected hy the population of » large city. To them It wiU appeu nmwceeaary lo inbr, 
M eome kntiquariea bkve done, &om the munitade of these Indian moundd, that thej nnut 
have been thrown op b; the sea. la refatatloD of iDch an hjpothesia, we have the fact that 
flint arrow-headi, Mone axee, and frapneute of Indian pette^ hare been detected throogb- 

Tb« same antiior notioed Bbell-depoeite od the eoMta of Haesachiisetta. 
Dnring bis Tojaee roand the world Mr. Dknrin utw abell-lie^w in tbe 
ialand of Terra del Fuego. He eaye ; 

"The iobabitanta, liTin;; chiefij upon ehell-Gih, are obliged conatantly to chan^ that 
plaM of residence ; bnt they retrim at Interrali to the same Bpoti, aa is evident trom the 



We may expect to meet with artificial shell-aceitmRlatioiu, or at least traces 
of them, almost in all parte of the American coasts where an aboriginal popr^ 
Utioa existed, and they hare already been foond in various places besioee 
those mentioned, as for iDatance in Newfoundland and in Oalifomia, and wo 
shall doubtleaa hear of farther diicoreriea u bOou as proper attention is paid 
to these memorials of the antive inhabitants of the American continent. 

The occnrronce of the Uaniah refbee-heapa, whose age is lost In the dawn 
of history, and of similar comparatively recent deposite in America, ebowa 
that the conditions of eziBtenco of those Baltic islanders and the Americao 
coast inhabitants were essentially tbe same, and fttraishos a striking illastr»- 
tion of the similarity in tbe development of man in both hemispheres. A 
tborongh investigation of the American abell-monnds will not only enable iia 
to compare them more minutely with the corresponding remains of Enrape, 
bnt may, possibly, disclose important facts relative to the former condition of 
the Anieri(»n race, and thns colaige our stock of ethnological knowledge. 

* A Second Vuit to tbe tTnited Slate* of America, bv Sir CharUe LjeU, (New Tork, I819l ) 
vol. i, p. 253. 
t Journal of BaMarcbea, &«., by Charlea Darwin, (Kew Toik, ISIG,} voL 1, p. 273. 
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THE IMTERMIITURE OF RACES, 



BY QBOKOB QIB 



Thb Btibject of tfae intennixUm of races, and ite reenlt afl afTecdng tlie 
phyrical development of tfae eneniiii' ptogeaj, is one of the moet interestiiig 
in anthropology, especial^ in its beaxing upon the queetioD of the unity of the 
htunan ftuuily. Y<^ so iar as this conttnent is coscenied. it has nowhere te- 
ctived the thorongh, systematic, and conscientjoos investigation which it deservea. 
What observatioDS have been made, are, so far as I have seen, confined to the 
anion of whitee and negroes. Even as to Mexico, where the mixed races form 
80 Urge a part of the popnlatioa, the inquiry seems to have been generally 
nc^eoted. 

During a residence in Oregon, conimenciiig in 1849, before the great in£ax 
of American emigrants, and when the proportion of half-breeds to the Atr-traders 
and other early settlers was easily perceivable, my attention was drawn to the 
tact that, notwithstanding the long interconrse of these with native women, 
their ofispring formed bat a email element in the community. Being auziona 
to ascertain whether this was dne to a tmnt common among the coast tribes and 
other canses of merely local toflaence, or whether it was of general extension 
throQgb the northern and temperate parts of America, I subsequently addressed 
a letter to the Right Reverend Bishop Tocb^, of the Red River Settlement, the 
substance of which, and his reply, is given below. In the case of the white 
and black races, the weight of testimony it certcunly unfavorable to the health 
and longevity of tfae o^pring, and the impression has been general that this 
was also the case with Indian half-breeds, at least in the northern temperate 
climates. Any trustworthy obeervatioaB on this question are, therefore, import- 
ant, and the testimony of that gentleman is t>eyond cavil. It is hoped that 
this commonica^on may lead to iuveetigation among the civilized tribes of the 
west, the Gherokeee, Choctaws, and Greeks. 

I should premise that ByphiliB has Tong previuled in the coast region of Ore- 
gon, that is to say, in the country west of the Cascade range, it having been 
noticed by Lewis and Clarke as early as 1806. The erotic temperament of these 
tribes, common to all people whose food is chiefly fish, coaplea with the absence 
of moral restraint, has tended to diseeminate it widely, and thaa been one 
cause of the dying out of the aborigines. Its effects, owing to climate, food, 
and gNieral mode of life, are less fatal, it is true, in the first instance than 
among some other nations, but they show themselves in the prevalence of 
Bcrof^ous diseases, in the diminiabol number of children, and in their early 
death. 

Tfais state of facts, however, applies lees to the ease of the half-breeds thaa 
to the unmixed Indians, for the reason that the selections of the whites were 
usually from the better class of females, and to a considerable extent from tfae 
interior tribes, where disease is for less common. The Others themselves were 
of three races, Scotch, Canadian French, and Americana, all hardy and vigorous 
men ; their families were, of course, better fed and cared for-ttum those of tfae 
savages ; the climate is proverbially healthy, and yet this mixed population haa 
not increased as might have been expected. 

DigitizedbyGOOgle 
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SWTHSOHIAII iRSTmmos, nuMflftoa, D. C, Jwae 17, ISOS. 
Betesbkd AMD Dear Sir : Bans en^wed In the prspftnllon of a work on tha TnHi»m 
of NorthweBtam Amsrica, amon^ vbom I nave reaided a nmuber of JMn, I md daaimna 
of comparing my observatioiia on aome points of vital Btatiatica with iImm of oUtM parti 

of the 0000(17. Anions tbeae the question of intermarriage c' ''■- *— " ' ' 

and I lake tb« liberty of appMog to yoa ibr infoimatioo upon 



n the lenMh of time which htta elapsed since the entrance of the fnr-traders u 
l coiintT7,'(a half centqrj,) and the Rnat oninber of marriiwee that bare taken place with 
native women, onlj a very small iDaie«noiiB mixed poDOlalion has spmng np. Vol at tba 
same time the hilf-breeds who arrive tLere from the Bed River coant^ appear beatthr, and 
the men strong and able-bodied. The canse of mortality does not arise Irom vice only, for 
it is noticeable in the familiea of the better clan, as well as amoni; tbe lower. As regards 
of Or^^n half-breeds among themselves, I do not know a lingle c 



where they have left offspring. Yon, an the <^er hand, have a large mixed popnlatioD, 
and they moat, of coarse, intermaiiT. They have the reputation of being a hardy, athl^ic, 
and vigOTona people, and I am curious to know in what the difference, if any there is, oon- 

. be kind eno<l?h to In , j ,_ 

n the Bed Kver colony. 

ition, if not otherwise nttwnable ahsolntelj, sad 
compared with that of white settlsrs. 

3. Whether instances of prolonged life are fivqaent. 

4. Whether there seems a marked difleiene* in longarity between men and women. 

6. Whether marriagee between me^s are common : and if so, whether they aie •• 
prolific at those between white persons, or between Indians ; and whether the ofiuiog 
of SDcb intermarnagea ace as vigorous and long-lived as tbe reeults of the first cross of tbo 
tworacM. 

e. Whether tbis class of population Is iDcnasini^, and Hkely t» resiilt In a pennaaesrt 
mixed race or variety of ti» buman spedei. This question is tbe more iDleresting, aa I 
suppose yonr pure white settlers to be a fair-haired race, which has In general not crossed 
as well with the Indians aa tbe darker nations, such as the Spanish and Portngncae, and 
because nuxed racea seam always to have thriven better in warm than Id temperate ot cold 
climates. 

I am, rvverend and dear sir, tsit l«apectfiiUT, 

GEORQE QIBBa 

Ugbt Bev. ffisbop TacHk. 



DtocEBE or St. Bomipace, Bed Biver Beitlrheht, 

Hadtim'i Baf Tsmtorf, Jutf 21, iSOS. 
Dear8ir> I bave tbe honor to acknowledge the receipt of your Interesting favor of Uie 
-nth ultimo, whieb dal; came to hand by ttw last mail. Yon certainly hare no Deed of 
---• — y for having addressed me on tbe points meniioned la your letter. I only regret 107 



inability t 



_ .,.,... , . iO be very pradse. Tbo 

ie infonnatfon In my possession on the subject I will cheerfally give, trasting that it maj 

be of help to yon in joai scieBtlGc labois. 

I now proceed to answer your qneationa. The answer to your first query will be foiind in 
tbe anaeied copy of a statistical table from the offidal censos of this settlement taken in 
1858. 

Sd. We have as many iustanoea of longevity among tbe half-breeds as among tbo whUa 
popnk^an. 

3d. Having lost my register, I cannot ascertain tbe averi^ duration of lile bere, bnt I 
oonsider it as about equal to that of the white settlers of this coimtry, and far abova that of 
tbennmiied Indiana. 

41I1. I remark no differeiK« in longevi^ between tbe at 



Gtk. We have d^ly inslaooea of laarTiagea tietween half-breed*. They generally have 
muneKMii children, wno are as king-lived and vigoroos as the first crosses of um two races. 

6tb. Tlds dais of population is ra^dlr Increasing, and is sure to result in a permanent 
nnsed race or variety of the hnman spedea, and it is not kept up chlefiy by addition* Erom 
witbonL 

7lh. F^r-haited vUte settlers have crossed as well with the Indians aa those o( dark 
oaofleiion. No mixed race can ever have thriven better in warm climalea than in this 
ntnmely «old one. 
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Ton will MsiW cooiprabend by tlie ■!■»?» umran 1117 ntttr ampilM on •eetng' joni tM»- 
meul kboat tbe Oregon bftlf-bieMa. 

I b^ leave to reauun, in conclnaion, jonr obedient Mrrant, 
I . tALEX. TACH£, 

A. C. BMep qf St. B»<iifatt, O. M. I. 



Count of the Bed Rieer eolomi/, takm May SO, 1856. 
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AN ACCOUNT 



THE ABORIGINAL INHABITANTS 

OF 

THE CALIFOBNIAN PENINSULA. 

AS QITEX BT 



iCtmtimmi from Ub a» i ifa» w «« S^tt far 1863.) 

CHAPTER T. — TBBIR CHARACTBB. 

In deecribhig ±d cbaiacter of the Californiaiu, I Mn tnHy sar that tbey we 
dull, awkward, mde, nncleon, inBoleut, nngratefiil, given to lying, thievuh, 
lazy, great talkera. and almost like children in their reaBoning and actione. 
They are a careless, improvident, nnreflecting people, and possess do control 
over themselves, but fblfow, in eveiy respect, their natural instincts almost like 
animals. 

They are, nevertheless, like all other native Americans, human beings, real i 
children of Adam, and have not grown out of the earth, or of stones, like moss 
and other plants, as a certain impudent, lying freethinker gives to understand. 
I, at least, never saw one growing in such a way, nor have I heard of any of 
them who originated ia that peculiar manner. Like other people, they are pos- 
sessed of reason and understanding, and their stupidity is not inborn with 
them, bat the result of habit ; and I am of opinion that, if their young sons 
were sent to European seminaries and colleges, and their girls to convents 
where young females are instructed, they would prove equal in all respects to 
Europeans in the acquirement of morals and of useful sciences and arts, as has 
been the case with many young natives of other American provinces. I have 
known some of them who learned several mechanical trades in a short time, 
often merely by observation ; and, on the contrary, others who appeared to me 
duller, after twelve or more years, than at the time when I first became ac- 
quunted with them. God and nature have endowed these people with nfts 
and talents like others ; but their mde life hinders the development of t£ese 
faculties, and thus they remain awkward, doll, and so slow in their understand- 
ings that it requires considerable puns, time, and patience to teach them the 
doctrines and precepts of the Chnstian faith, insomuch tltat a sentence of only 
a few words must be repeated to them twelve times and oftener before they are 
capable of reciting it. 

It may not be oat of place to corroborate here what Father Charlevoix says 
of the Canadians, namely, that no one should think an Indian is convinced of 
what he has heard because he appears to approve of it. Se will assent to 
.anything, even though ho has not understood its meaning or reflected npon his 
answer, and he so does either on account of his indolence or indiffeienoe, or 
from motives of selfishness, in order to please the missionary, . ■ , 
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The GaliforaiflBB Ao not readily cqnSem a crime iinleBS deMeted in tbe Mt. 
because thsT hardly comproheod the force of evidence, «nd are not at all 
o&luined of lying. A certain missionaty sent a native to one of hia colleagnw 
with Bome loarea of bread and a letter stating their nomber. The messenger 
at« a part of the bread, and bis theft was consequently discOTered ; anouer 
time, when he had to deliver four loaves, he ate two of them, btit hid tba 
accompanying letter nuder a stone while he was thus engaged, believing that 
his e<nidact wonld not be revealed this time, m the letter had not seen him in 
the act of eating the loaves. 

In the nussion of St. Bor^ 
the way with some green herbs, becanse he was about to bring the Eoly sacra- 
ment to a sick person, and his order was promptly executed by them, but to 
the great damsfe of the missionary's kitchen-garden, for they tore np all tbe 
cabbages, sala£ and whatever vegetables they fonnd there, uid threw them on 
theroiad. 

Yet, notwithstanding their incapacity and slow oominwheneion, they ore, 
neverdielesB, cunning, and show, in many cases, a considerable degree of crafti- 
ness. They will sell their poultry to the missiMtary at tbe begmning of a 
eicknesB, and afterwards exhibit a disposition to eat nothing but chickeu-meat, 
till none of the fowls are lel^ in the coop. A prisoner will feign a dangerous 
malady and ask for the last sacrament in order to be relieved from his fetters, 
and to find, Bubeequently, a chance to escape. They rob the missionary in a 
hundred ways, and sometimes in the most artAil manner. If, for instance, one 
has pilfered the pantiy and left it open in his haste, another one forthwith 
requests to be admitted te confession, in order to give the thief time for closing 
the door, and thus to remove all cause of soBpicion on the part of the mis- 
sionaiy. They also invent stories and relate them to their priest for the pur- 
pose of frustrating a morria^ engagemBut, that some othq^ party may obtain 
the bride. These and many hundred similar tricks have actually been played 
by them, and show conclusively that they are well capable of reasoning when 
their self-interest or their needs demand it. 

The GalifomiaoB are audacious and at the soifie time faint-hearted and timid 
in a high degree. They climb to the top of the weak, trembling stems, sometimes 
thirty-six feet high, which are called eardonet fay the Spaniards, to look out for 
game, or mount an untamed horse, without bridle and saddle, and ride, daring 
the uight, upcHi roods which I was afraid to travel in the daytime. When new 
buildings are erected, they walk on the miserable, ill-constructed. scaffoIdingB 
vith the agility of cats, or venture several leagues into the open sea on a fauadU 
of bmshww>d, or the thm stem of a palm-tree, without thinking of any danger. 
But the report of a gun makes them forget their bows and arrows, and half a 
dozen soldiers are capable of checking several hundred Galifomians. 

(rratitude towards bane&ctors, respect for superiors, parents, and other rela- 
tions, and politeDess in intercourse with fellow-men, are almost unknown to 
them.* They speak plainly, and pay compliments to no one. If one of them 
has received a present, he immediately turns his back upon tbe donor and 
walks off without saying a word, unless the Spanish phrase, D%o» te lo pagme, 
or, "Qod reward you," has been previously, ny a laborioos process, enforced 
upon his memory. 

Where there is no honor, shame is ever wanting, and therefore I always 
wonderedbow the word "is'," that is, "to be ashamed," had been introduced 

■ According to Baeffert't ovra Btetement, (p. 309,) the forced departure of the Jesuit mis- 
BiOQBiiGs bota the peauunU caused great duCresa among the InduuiB, who expressed their 
grief bf a general howling <and weeping, which ihows Ihst tbe faeliugs of gratitndo and 
attachment weie not entirelj wanting in their character, altfaoogb selGsbnoBB may have bad 
.™ ..- ... , ,t.i. , few lines by 
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into tbcir lansoaee; for, among themselves, .no one would bhub on aeconnt oF 
aar misdeed ne luid perpetrated. If one had killed his fiufaer and mother, 
robbed chnrchea, or committed other in&iooBB crimes, and had been a bandied 
timee whipped and pilloried, he wonld, nevertheless, stmt abont with a setene 
brow and an erect bead, and without being in the least degraded in the eTca of 
bis people. 

I^izinese, lying, and stealing are their hereditary vices and principal moral 
iefcetfl. Tbej are not a people ap<Mi whose word any reliance can be placed, 
but 'Jiey will answer in one breath six times " yes" and as many times ** no," 
withont feeling ashamed, or even perceiving that they contradict themsdves. 
They are averse to any labor not absolutely ncecasary to supply them with the 
means of satisfying btmgcr. If any work occnrrea in the mission, it waa 
necessary to drive aud urge them constantly to their task, and a great nnmbcr 
compl^Qod of sickness dnring the week-days, for which reason I always callea) 
the Snoday a day of miracles, because all those who had been sick the whole 
week felt wonderinlly well on that day. If they were only a little more indns- 
trions, they might improve ^eir condition, to a certain extent, by plantii^ 
some maize, pumpkins, and cotton, or by keeping small flocks of goats, sheep, 
or even a few cattle; and, having now learned to prepare the elans of de«r, 
they could easily supply themselves with garments. But nothing of this kind 
is to be expected of them. They do not care to oat pigeons, unless they fly 
roasted into their months." To work to-day and to earn the trait of their 
labor only three or six months aAerwtu^s seems to be inctnnpatible with thefa- 
character, and for this reason there is little hope that they will ever adopt > 
dlferent mode of life. 

Books conld he filled with accoants of their ihefta. They will not toncfa 
gold or silver ; but anything that can be chewed, be it raw or cooked, above 
the ground or below,^pe or anripo, is not more safe from them than the motue 
from the cat, if the eye of the owner be only diverted for a moment. The 
herdsman will not even spare the dog that has been given to him to watch the 
flock of sheep or goats intrusted to bis care. While one day observing, on- 
seen, my cook, who was engaged in boiling meat, I noticed that he tool one 
- piece after another out of the kettle, bit off a part, and threw it again into the 
vessel. The meal on the missionary's table, when ho is suddenly called away, 
is not safe from their thievery, and even the holy wafers in the sacristy are in 
danger of being taken by them Yet they sometimes lay their hands on things 
of which they can make no use whatever, in a way really surprising, which 
showH to what degree steiding has become a habit with them. 

Foe eight years 1 kept, ranging nt large, from fonr to five hundred bead of 
cattle, and sometimes as many goats and sheep, until the constant rohberiee of 
the Indians of my own and the neighboring mission compelled me to give ap 
cattle-breeding, t In the bodies of nineteen cows and oxen, that had been 
killed in one &yln the mission, there were found, afW the removal of the skin, 
more than eight fiint-points of arrows, the shafU of which hod been broken off 
by the wounded animak while passing throogh the rocks and bashes. I 
believe that more of these animals were killod and oaten by the nativ.es than 
were brought to the mission for consumption, and horses and aaaes suffered in 
Ijken 



* OeriDui pioTerb. 

t Tbe cattle, ai w«U u the gnats aad iliMp, are deunibed ai Binall and Issn, owing to tba 
■cuttj paatarags. Ttie hones, tbougli Bmut, -wen of a good breed and eoduring, but tlmy 
did not sufficiently mnltiplv, and I'resb BnicoHis had to be itnported eveiy jeftr to monat lbs 
soldiers and cowherds. The aaa alone." sajg ibe anibor, which is nowhere cboiee, but 
' I contcnid], fBTos tolorabl^ woU in California. Ha w " ■ - ■■ ■■ . - . 

I Bhrob* with OS much rolish u it thej were the moil 
n the whole peninsula budlj ainoiiiiied to a down. 



alwavs contcnid], fares tolorabl^ well in California. He works but little, and feeds 01 
prickly Bhnib* with as much rolish as it thej were the most Mvotj oab." The noodn 

ihyGoo^lc 
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In order to be exempt from Ubori or to escape the pnnuhmeat for groMB 
miedeede, the GalifomiaoH Bometimes conaterfeit daa^roOBlv sick or dying 
per«onB. Many of those who were cirried to the miaeion in trnch a feigned etate 
by their comrades received a sonnd flogging, which suddenly restored them to 
health. Without mentioning all the ca^es that fell under my notice, I will 
speak of two individuals who represented dying pcisona so well that I did not 
hesitate to give them extreme unction. Aaotber really frightened me by pre- 
ttfnding to be infected with the smallpox, which actnatly raged in the neighboring 
mission, causing its priest for three months, day and night, a vast deal of trouble 
and care, and keeping him almost coastantly on horseback. A fourth, whose 
name waa Clement, seemed also resolved to give up the ghost. With him, 
however, the difficulty was that bo had never seen a dying person, not even hie 
wife, whom I bad buried, and often visited daring her Bickness, without ever 
finding the hoBbarid at home. But bnviog witnessed the death of many cows 
and oxen, which his arrows bad brought down, be imitated the dying heast so 
naturally, by tolliag out his tongue and licking bis lips, that be went afterwards 
always by tixe name of ClemaUe vacea or Cow Clement. 

Nothing excites the admiration of the Colifomiane. They look upon the 
most splendid ecclesiastic garments, embroidered with gold and silver, with as 
much indifference as though the material coaaist«d of wool and the galoons of 
common flax. They would rather see a piece of meat than the rarest mann- 
fiietures of Milan and Lyons, and resemble, in that respect, a certain Canadian 
who hod beeo in France, and remarked, after bis return to Canada, that uothing 
in Paris had pleased him better than the butcber-sbops.* 

They are nqt in the least degree susceptible of disgust, but will touch and 
handle ihe nncleaneat otnecte as though they were roses, killing spiders with 
their fistB, and taking hold of toads witnout aversion. They use as a covering 
the filthiest rag, and wear it until it rota on their bodies. In peraon they are 
exceedingly dirty, and waste hardly any time in decorating and embellishing 
themselves. I must mention here, also, that they are in the habit of washing 
themselves with urine, which renders their persons very disagreeable, as I have 
ofi«n experienced when I had to confess them. I was informed by reliable 
people that they eat a certain kind of large spiders, and likewise the vermin 
which they take from each other's heads; but I never saw them doine it; 
whereas I saw them frequently fetch their maize porridge at noon in a ualf- 
cleaned turtle-shell which they had nsed the whole morning to carry the dung 
from the folds of the sheep and goats. 

Concerning their improvement by the introdnction of the Christian religion, 
I am unable to bestow much praise upon those among whom I lived seventeen 
years, during which period I had sufficient opportunity to become thoroughly, 
acquainted with their character; but I must confess, to my greatest affliction, 
that the seed of the Divine Word has homo hat Uttle fruit among them ; for 
this seed fell into hearts already obdurated in vice from their very infancy by 
seduction and bad example, which all pains and exertions on the part of the 
missionary were unavailing to remove. The occasions for evil-doing, among 
young and old, are of daily occurrence, and numberless. The parents them- 
selves give the worst example, and the Spanish soldiers, cowherdB, and a few 
others who come to the country for the purpose of pearl-fishing and miuing, 
contribute not a tittle to increase vice among the native population. The mo* 

* Mr. CotliD relate* a limiUr circnmaUnce of a part; of lotra ladiBiiB tbat trere exhibited ' 
in London. After their first drive through the city, "ibey rotnmed to Ibeir lod^ugs In 
great glee, aud amnaed as at loaat for an hour with their first impresBioua of London, the 
wading, striking feature of which, and the one that smmed to afford them the greategt aatia- 
faction, was Ihe quantitj of fresh meat chat they saw in every street hanging up at the doom 
and windows." — ColJiii'i Nota of Eight YiarM' Traitix and Raidtnet M Euttm, New 
York, JiMSi VOL ii, p. 9. , Cit.>t>i^lc 
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HtMi on the other hud. which act ebewhere u ebeoki upon the conduct of 
the people, and keep them within the boooda of deceaej, are not at all nnder- 
■Mod or appieeiated bj the Galifomiaos. for which reason the teachings of 
rdigion can make bnt Ibtle impreeeion npon their onprepaied minda; and beine 
thna nnreabrained by any conaiderationfl, they easilj yield to the impoUea cc 
their character, ia which a Btronff paaaion for ill<^;al aexaal interconree forme a 
prominent feature. In all bad liabita and Ticea the Galifomian women folly 
equal the meo, batBiupau them in impudence and want of deTotiou, contrary 
to the halntof the female sex in all the real of the world. There were cerfaiinly 
BOme among the Galifonuana who led edifying lives and behaved in a pratBO- 
worthy manner after baring embraced the Chrietian faith; but their somber 
wu very arndl ; the rerene, on the contrary, being the general role to snch a 
4^ree u>at the wicked and vicious formed the great majority of the Dativee. 



To all other bad qoalitieaof the Oalifomiane may be added their vindictire- 
ness and cruelty. They care very little fin- the life of man, and an iusiguificant 
cause will Btimalate them to commit a murder. Among other cases which 
happened while I lived in their country, I will mention that of the master of a 
small ebip loaded with proviBions for two poor nuBsions. This man hod scolded 
a number of natives for some canse or other, which they resented by breaking 
*bis sknll with a heavy stone, while he was eating his supper on the snore. His 
ship they abandoned to wind and waves. lu the year 1760, a boy of abont 
sixteen ycare stabbed another of the same age with a knife in the abdomen, and 
struck him on the head with a heavy club, almost within sight of the whole 
tribe, and only a stone's throw from the church ind the house of the missionary. 
The murderer had already selected a horse on which to escape, and iutended to 
save himself within a church thirty leagues distant from the place where the 
crime was committed ; bnt be failed to effect his flight.! 

Up to the year 1750 the Califomians had revolted at diSereut times and 
places, and compelled several missionaries to abandon their stations, and to seek 
safety in other quarters. The natives were stirred up to these insurrections 
either by their conjurers or sorcerers, whose influence had been considerably 
reduced, or because it was requested of them to keep those promises which they 
bad made when receiving the holy baptism. 

The moat extensive and dangerous revolt of all began in the year 1733, ia the 
eonthem part of the peninsula, among two tribee called the Pcriciu and Canu, 
who are to this day of a very flerce, unruly, and nntractable character, and who 

Eve much tronble to Father Ignatius Tirs, from Kommotan, in Bohemia, the 
It Jesuit minsionary who resided in their districLt 

In the year 1733 there existed in that part of the country, wbich was inhab- 
ited by Bcvoral thousand natives, fonr missions, with three priests, who bad in 
all only six soldiers for their protection. The missions were the following; 
La Paz, without a resident priest, and guarded by one soldier ; St. Rota, under 
Father Sigismund Taraval, a Spaniard, bom in Italy, protected by three Bol- 
diera ; St. Yago, over which Fauier Loreuao Oarraooo, a Mezieao, of Spauiali 



Kl 



Th<i oplnode in the miraionBry history of Califomia fomu a eeptirato chapter in the IbTrd 
ij our author's work ; but as It throws much light on tha lemptfaannt of tba nativM, I 
. lDiert«4 it in tbia plsce. 
, TliU cburcb won probably congiderod aa an aajlam or pliw» of safety. 
I It" V* ono of thoe« who shared with the aainor. In 1767, the fata of baaiihnuiiL At 
ihal taaa there were in oil sixteen Jesuits in Lower California — firteen prieets and one 1^ 
kttithvi. Blx of them wotq Spiuiiiu'ila, two Meiicaos, and eight Germans. The oaoiM of 
lh» Ultiu are given on pa^ 312 by the auCbor, who omits, however, bis own name in order 
k» ui»*wTo Ui« anonymous chantdor. 

Digit zed by Google 



THE OALir(»INIAN FBHDBni^ SfK3 

parentage, resided, witli tvo nldicm ; and 8t. Jottph del Caho, under Father 
Nicoloa Tamaral, from B«villa, in Spain, wJthont aay coard. 

The motivea lesding to this insnTrcc^n, which wereuterwaida freely divulged 
\>j the natives, coneiBted in their nnwillingnesB to content tlienuelvea wiUi <ne 
wife, although ther had promiBed to renonoce polygamy, end their diapleainre 
at being reprimanded for certain tranBgreseionB deserving the eenanre of their 
Bpiritnal advisen. The ringleaders and principal moven of the rebellion were 
two individaaU, Botd» and Chieiri by name, who ezert«d a n«at inflnence 
among the nativee, and prepared everything in secret for the oaUtreak. Their 
object was to kill the three prieets, to exterminate all traeee of Christianity, 
which moet of them bad adopted ten yeare before, and to resmnfl their fonoer 
loose and independent manner of living. Their design became, however, known, 
and the fire was extingnished before it could blaze np in full flames. The In< 
dians feigned a friendly dispositioa, and a kind of peace was entahlished towards 
the beginning of the year 1734.. Bnt as this peace was not nonclnded with 
sincerity, it could not be of a long duration. The treacherous rebels soon again 
made attempts to cony ont at all hazards the objects tbey had in view, and 
really Buccceded in the following Octoi>er, though not so completely as they 
wished, since Father Taravat found the means to escape their murderous hands. 

The six Boldiers were their principal obstacle. Ueeting in the field with one 
of them of the miseion of St. Ilosa, they assassinated him, and sent word to the 
mission that he was very ill, requesting the priest either to come to the place in 
order to confess bim, or to order the two remaining soldien to transport the 
padent to the station, their iutention being to decoy the one or the others, and 
to take their lives. But fortunately the mesBenger delivered his commission in 
rach an awkward manner that the crime they had already perpetrated, as well 
as their further designs, could he easily divined, for which reason neither the 

Eiest nor the soldiers complied with their request, A few days afterward th«y 
lied also the only soldier belonging to the mission de la Faz. 

The rumor of these two murders, and oAer indubitable signs of an impending 
mutiny and general uprising in the south, were spread abroad, and soon reach^ 
the ears of the Superior of the miasiona, who was then at that of the Seven 
Dolors, nearly ninety leagues from the place where these events had occurred. 
He sent orders immediately to the throe priests whose lives were endangered to 
save themselves by fiight, but the letters fell into the hands of the mutineerg, 
and would, besides, at any rate have arrived too late to avert the peril. 

It was the intention of the conspirators to atrike the first blow ogiunst the 
mission of St. Joseph and Father Tamaral; but learning that Father Carranco 
had already received intelligence of their plans, they rushed with all speed 
npon his mission before he could make any preparations for defence, or effect 
his escape from the place. It was on a Saturday, and the 2d of October, when 
they arrived at the mission of St. Yago. The father had just said mass, and 
hod locked himself in hie room to pcrfiirm his private devotions. M<wt unfor- 
tunately the two soldiers, who fomwd his whole body-guard, bad left the place 
on horseback in order to bring in some head of cattle for the catechumens and 
other people of the mission. After a while the returned messengers, whom 
Father Carranco had despatched to the mission of St. Joseph to warn Father 
Tamaral of the danger to which he was exposed, entered me room. Father 
Carranco was reading his answer, when the murderers entered the. bouse and 
fell upon him. Some threw him on the ground and dragged him by hie feet to 
the front of the church, while others pierced hia body with many arrows, and 
beat him with stones and clubs till he expired. 

A little native boy, who used to wait npon the lather when he took hia mcala, 
was a witness to the act, and shed tears when be beheld his benetactor'e 
mournful fate; upon which one of the barbarians seized the boy by the legs 
and smashed his bead against the wall, saying, that since he ahowed so much 
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ngiet at Ibe d««A of hb tauter, he ahoald ftlso Bcwe him and bear him oob- 
aany in the other wuld. Among the motderen were aomo vhom the father 
had oonfiid^ed as the most reliaUe of his flock, sod whoae fidelity he never bad 
doubted. 

Having torn the garments from the lifeleu body, they treated it in a moet 
abominable manner in order to wreak their vengeance, and they finally threw 
it on a burning pile. After this they set the church and the house on fire, and 
bamed to ashes the n^nsils of the chorcb, the altar, the repreBentationa of oar 
Saviour and of the Saints, and everything else that they could not apply to 
their own use. In the mean time the two oixanned eoldiera, who had been emt 
after cattle, retarued. They were compelled to dismount and to kill the cows 
for the malefactors, after wUch the savages despatched them with a shower of 

aiTOWB. 

On the following day, the same late befell Father Tamajal, the prieat of the 
miaeion of St. Joseph, twelve leagues distant from that of St. Yago, for as aooii m 
the villains had oommitted their crime at the one place, they directed their 
march to the other. Father Tamaral, not believing the report of hia colleague, 
was quietly sitting in his house, when the savage crowd, considerably increased 
by members of hia own parish, made their appearance in the mission. In their 
usual mauner, they demanded something from the missionary, for the porpoee 
of finding a pretext for quarrelling and commencing their hostilities, in case the 
priest should disappoiut them in their wishes. But their behavior, and the 
anus which they all carried with them, soon convinced the missionaiy that they 
had other designs, and he consequently not only complied with their requests, 
but gave tbem even more than they demanded. Being thus baffled in their 
attempt, and full of eagcraess to carry out their bloody plan, they pnt aside all 
dissimulation and attacked the missionary withont further delay. They threw 
him on the ground, dragged him into the open air, and discharged their arrows 
upon him. One of their number, whom the father had a short time before pre- 
sented with a large knife, added ingratitude to cruelty by burying the weapon 
in his body. 

Thus the Fatbets Tamaral and Cananco were led to the shambles by their 
own flock, and closed their days In California, after they had spent many years 
in that country, and, by a blameless life and great zeal, proved themselves 
worthy to die the death of martyrs. The abuses to which the savages eab- 
jected the body of the deceased priest were greater, in this instance, and they 
exhibited more wantonuess iu the destruction of the church and other property 
than on the preceding day, because the crowd was larger and had become more 
infuriated by previous sucoess. 

Father Taraval, of St. Bosa. the third prieat of whom they intended to make 
a victim, succeeded in making good his night. He sojourned for the moment 
on the western coast of California, at the station of All Saints, which formed an 
adjunct to his own mission, and was a two days' journey distant from St. Joseph. 
Being warned in due time by some faithful Indians of the danger that threat- 
ened nim, he packed up in great haste his most needful things and rode at full 
speed, in company with his two soldiers, during the night of the fourth of Octo- 
ber towards the oppoeite ehorc of the peninsula, where he embarked near the 
mission of La Paz m a small vessel, which had been despatched to that place 
when the first news of the impending rebellion became known. He landed in 
safety at the mission of the Seven Dolors, then situated near the sea ; leaviiw 
behind him the smoking mine of four missions that bad been totally destroy^ 
in less than four days, out which could onlyberebuiltand raised to their fonoer 
importance with great sacrifices of time, labor, and human life. 

The rebels, however, feied badly, and had no cause to glory in their triumph. 
The Bonthem tribes, whose number was four thousand sonla at the outbreak of 
the revolt, are now reduced to four hundred, for not only waa war waged against 
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tbem br the Califomiaa and foreign militia, bnt tbey bad also quarrels among 
tbemaeiTes.* Yet tbeee causes were leea effective in tbeir deatruction than the 
loathsome diaeaaea and nlccrs b; which they were visited, and among the fonr 
fanndred that now remain, only a few are free from the general malady and 
enjoy the bleaaing of eonnd health. 

On the other hand, be that grace of Heaven a thonaand timea praised, which, 
in onr day also, inspires among the members of the Catholic prieatbood, and 
especially in the Society of Jesus, oicn of superior courage woo. wiihont the 
sligbteat self-interest and for the sole purpose of propagating the Christian faith, 
not only brave all dangers to which they are exposed in wild countries and 
amidst barbarous tribes, bnt who alao willingly give up their lives when occa- 
sion demands anch aacrifices ! For besides these two Califomian misaionariee, 
many others belonging to the same aociety have suffered death in the course 
of this century, while engaged in the conversion of heathen nations. Among 
the great number of these victims, I wil! only mention Father Thomas Tcllo, 
a Spaniard, and Father Henry Uuhcn, a Gierman from Westphalia, both JesnitSt 
who were kilted as late as 1751, by tbe mntinou» Pimaa, on tho other side of 
the Califomian gulf. With Father Bnhen, I had crossed the Atlantic ocean a 
year before, and we made also in company tbe ionmey overland as far as the 
Pimeria, where he closed bis days six months after bis arrival. 

CBAPTER VII.— THBIB TREATMB\T OF THB SICK. PVNBRAL CUSTOMS. 

With all their poor diet and hardships, the Califomians are seldom sick. 
^cy are in general strong, hardy, and much healthier than the many thoitsanda 
who live daily in abundance and on tho choicest faro that the skill of Parisian 
cooks can prepare. It ia very probable th.it most Califomians would Attain a 
considerable age, after having safely passed through the dangers of their child- 
hood ; but they are immoderatQ in eating, rauning, bathing, and other matters, 
and thus doubtless shorten their existence. Excepting consumption and that 
diaease which was brought from America to Spain and Naples, and from thence 
spread over varioua countries, they are bnt little subject to the diaordcrs com- 
mon in Europe; podagra, apoplexy, dropsy, cold and petechial fevers being 
almost unknown among them. There is no word in their language to express 
sickness in general or any particular disease. "To be sick," they signify by 
the phrase aUmba-tie, which means "to lie down on the ground," though dl 
those in good health may be seen in that position the whole day, if they ore 
not searching for food or otherwise engaged. When I asked a Califomian what 
uled him, he osually said, " I have a pain in my chest," without giving further 
particulars. 

For the small-pox tfae Califomians are, like other Americans, indebted to 
Europeans, and tbia disease assumes a most pestilential character among them. 
A piece of cloth which a Spaniard, just recovered from the small-pox, had given 
to a Califomian communicated, in the year 1763, the disease to a small mission, 
and in three montha more than a hundred individuals died, not to apeak of many 
others who bad been infected, but were saved by the unwearied pains and cans 
of the missionary. Not one of them would have escaped the malady, had not 
tbe majority run away from tho neighborhood of the nospital aa eoon as they 
discovered ihc contagions nature of the disease. 

In the month of April of the same year, 1763, a yonng and strong woman 
of my nussion was seized with a very peculiar disorder, consisting in eracto- 

* This is tlie ool; inatADce in vrliich tho author altudca to vrars amooi; tho natives in the 
body of his booh, though (he Gtst appendix contains, on page 328, die following remark in 
refutation of a passage ia the French translation of Venegas'a work: "All that is Mid in 
letbrGoce to the woifare of the Califonuami is wrong. In their former wars thej merelr 
attacked tbe eoemv oneipectedlj dorins the night, or from an ambnsh, and kilJcd aa manf 
wthoyconld, without Older, previous •tedaioUon of war, or aiif caiemoniM whoever." , 
85 B I CiOO^IC 
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tions of sncb violent diaiacter that the noise almost resembled tbmder, mi 
could be beard at a distance of forty and more paces. The emctations lasted 
abont half a minnte, and followed each other after an interval of a few minutes. 
The appetite of the patient was good, and she complained of nothing else. In this 
condition she remained for a week, when she snddenlj dropped down in such a 
manner that I thought she would never rise again ; but I was mistaken, for the 
. eructations and the peculiar fits continued for three years, until she became at 
laat emaciated and died in the month of July, 1766. A few days after the 
outbreak of her malady, her husband was attacked by the same disorder, and 
on my departure, in 1768, I left him vithoat hope of recovery. Sabseqoently 
the womaa'a brother and his wife suffered in like manner, and after these 
several other Califomians, principally of the femiUe sex. Neither the oldest of 
the natives, nor missionaries living for thirty years in the coontry, had hitherto 
been acquainted with this extraordinary and apparently contagions disease. 

The patience of Califomians in sickness is really admirable. Hardly a sigh 
is heaved by those who lie on the bare ground in the most pitiable condition 
and racked with ptun. Theydook without dread Qpon their nicets and woands, 
and submit to burning and catting, or make incisions in their owq flesh for ex- 
tracting thorns and splinters, with as much indifference as though the operation 
were performed on somebody else. It is, however, an indication of approach- 
Ingdeath when they lose their appetite. 

Their medical art is very limited, consiating almost exclusively, whatever 
the character of the disease may be, in the practice of binding, when feasible, 
a cord or coarso rope tightly aronnd the affected part of the body. Sometimes 
they make use of a kind of bleeding by cutting with a sharp stone a few email 
openings in the inflamed part, in order to draw blood and thus relieve the 
patient. Thongh every year a number of Califomians die by the bite of the 
rattlesnake, their only remedy against such accidents consists in tightly bind- 
ing the injured member a little above the wound towards the heart; but if the 
part wounded by the reptile is a finger or a hand, they simply cut it off, and I 
Knew several who had performed this cure on themselves or ouindividnaisof their 
families. Now-a-daye they beg in nearly all cAes of disease for tallow to rub 
the affected part, and also for Spanish snuff which they use against headache 
and sore eyes. Excepting the remedies just mentioned, they have no appli- 
ances whatever againet ulcers, woonde, or other external injuries, and for leaa 
against iutemal disorders; and though they may repeatedly have seen tbo 
missionary using some simple for removing a complaint, they will, cither irom 
forgetfulness or indolence, never employ it for themselves or others, bat always 
apply to the missionary again. 

They do not, however, content themselves with these natural remedies, bnt 
have also recourse to supernatural means, which certainly never brought about 
a recovery. There are many impostors among them, pretending to possess the 
power of curing diseases, and the ignorant Indians have so much faith in their 
art that they send for one or more of these scoundrels whenever they are indid- 
poscd. In treating a sick person, these jugglers employ a small tube, which 
they use for sucking or blowing the patient for a while, making, also, various 
grimaces and muttering something which they do not understand themselves, 
until, finally, after much hard breathing and panting, they show the patient a 
flint, or some other object previously hidden about their persons, pretending to 
have at last removed the real cause of the disorder. Twelve of these liara 
received one day, by my orders, the punishment they deserved, and the whole 
people had to promise to desist in future from these practices, or else I wotUd 
no more preach for them. But when, a few weeks afterwards, that individual, 
who first oE all had engaged to renounce the devil, fell sick, he sent imme- 
diately again for the blower to perform the usual jugglery. 
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It is to be feared that some of those who are seized >rith illneae far from the 
mission, and not carried thither, are buried alive, especially old people, and 
Buch as have few relatione, for they are in the habit of digging the grave two 
or three days before the patient breathes his last. It seems tedious to them to 
spend much time near an old, djing person that was long ago a burden to them 
and looked upon with indifference. A person of my acquaintance restored a 
girl to life that was already bonnd up iu a deer-skin, according to their custom, 
and ready for burial, by administering to her a good dose of chocolate. She lived 
many yeare afterwards. On their way to the mission, some natives broke the 
neck of a blind, sick old woman, iu order to be spared the trouble of carrying 
her a few miles tiirther. Another patient, being much annoyed by gnats, Which 
no one felt inclined to keep off from him, was covered up in suc[i a manner 
that he died of suffocation. In transporting a patient from one place to 
another, they bind him on a mde litter, made of crooked pieces of wood, which 
wonid constitute a perfect rack for any but Indian bones, the carriers being in 
the habit of running with their charee. 

Concerning their consciences and eternity, the Califomians are perfectly 

gniet during their sickness, and die off as calmly as though they were sure of 
eaven. As soon as a person has given up the ghost, a terrible howling is 
raised by the women that are present, and by those to whom the news is com- 
municated, yet no one sheds tears, excepting, perhaps, the nearest relations,, 
and the whole proceeding is a mere ceremony. But who would believe thak 
some of them show a disUke to be buried according to the rites of the Catholic 
religion? Having noticed that certain individnala, who were dangerously sick, 
yet still iu possession of their faculties, objected to being ted or carried to the- 
mission, in order to obtain there both spiritual and material assistance, I in- 
quired the cause of this strange behavior, and was informed they considered it 
as a dcriiiioa of the dead .to bury them with ringing of the bells, chanting, and 
other ceremonies of the Catholic church. 

One of them told me they had formerly broken the spine of the deceased; 
before burying them, and had thrown them into the ditch, rolled up like a ball,. 
belieVing that they would rise up again if not treated in this manner. I saw 
them, however, frequently putting shoes ou the feet of the dead, which rather 
seems to indicate that they entertain the idea of a journey after death ;, but 
whenever I asked them why they observed this probably very ancient cnstonu 
they could not pve aie any satisfactory answer. In time of mourning, both 
men and women cut off their hair almost entirely, which formerly was pvea 
to their physicians or conjnrers, who made them into a kind of mantle or large 
wig, to be worn on solemn occasions. 

When a death has taken place, those who want to show the relations of the- 
deceased their respect for the latter lie in wait for these people, and if thoy 
pass they come out from their hiding-place, almost creepmg, and intonate a: 
mournful, plaintive, &u, ku, ku ! wonnding their heads with, pointed, sharp 
stones, until the blood flows down to their shoulders. Althongh this barbarous 
custom has frequently been interdicted, they are unwilling to discontinue it. 
When I learned, a few years ago, that some had been guilty of this trans- 
gression after the death of a certain woman, I left theui the choice either to 
Bubmit to the fixed punishment or to repeat this mourning ceremony in my 

Eresence. They chose the latter, and, in a short time, I saw the blood trick- 
ng down from their lacerated heads. 

CHAFTBR Till.— TBBIR QUALIFICATIONS AND MANNERS. 

From what I have already said of the Califomians, it might be inferred that 
tbey are the most unhappy and pitiable of oil the children of Adam. Yet 
each a supposition would be utterly wrong, and I can assnre the reader tha^. 
OS far as their temporal condition is concerned, they live tinqaestionably muck 
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happier than the civilized inbabitantB of Europe, not excepting those who seem 
to enjoy all the felicity that lifo can afford. Habit renders all things cndtuuble 
and easy, and the Galifomian eleeps on the hard ground and in the open air 
just OB well and soft aa the rich European on the cortained bed of donn in his 
Bplcndidly decorated apartment. Throughout the whole year nothing happens 
that causes a Oaliforniau trouble or vexation, notbmg that renders his life cnm- 
bersome and death desirable; for no one harasses and persecutes him, or ca]> 
ries on a lawsnit against him ; neither a hail-storm nor an army can lay waste 
his fields, and he b not in danger of having his honse and bam destroyed by 
fire. Envy, jealousy, and slander embitter not his life, and be is not exposed 
to the fear of losing what he possesses, nor to the care of increasing it. ^o 
creditor lays claim to debts ; no officer extorts duty, toll, poll-tax, and a htm- 
dred other tributes. There is no woman that spends more for dress than the 
income of the husband allows ; no husband who gambles or drinks away the 
money that should serve to support and clothe the umiiy ; there are no chUdren 
to be established in life; no daughters to be provided with husbands; and no 

Sirodigal sons that heap disgrace upon whole families. In one word, the Cali- 
omiaus do not know the meaning of meum and tu%m, those two ideas which, 
according to St. Gregory, fill the few days of our existence with bitterness and 
unconn table evils. 

Though the Califomians seem to possess nothing, they have, nevertheless, 
all that they want, for they covet nothing beyond the productions of their 
poor, ill-favored country, and these are always within their reach. It is no 
wonder, then, that they tdways exhibit a joyful temper, and constantly indo^ 
in merriment and laughter, snowing thus their contentment, which, after all, is 
the real source of happiness. 

The Califomians know very little of arithmetic some of them being unable 
to count further than *ix, while others cannot number beyond thrte, insomuch 
that none of them can say how many fingers he has. They do not possess 
anything that is worth counting, and hence their indifference. It is all the 
same to them whether the year has six or twelve months, and the month three 
o\t thirty days, for every day is a holiday with them. They care not wl^ther 
they have one or two or twelve children, or none at all, since twelve cause 
them no more expense or trouble than one, and the inheritance is not lessened 
by a plurality of heirs. Any number beyond six they express in their lan- 
guage by much, leaving it to their confessor to moke out whether that number 
amounts to seven, seventy, or seven hundred. 

They do not know wiiat a year is, and, coneoqnently, cannot say when it 
begins and ends. Instead of saying, therefore, " a year ago," or " during this 
year," the CalifomLins who speak the WaTcnri language use the expressions, 
it is already an ambia pait, or, during this ambia, the latter word signifying 
the pitahaya fruit, of which a description baa been given on a previous page. 
A space of three years, therefore, is expressed by the term " three pitahayas ;" 
yet they seldom make use of such phraacs. because they hardly ever speak 
among themselves of years, but merely say, " long ago," or, " not long ago," 
being utterly indifferent whether two or twenty years have elapsed since the 
occurrence of a certain event. For the same reason they do not speak of 
months, and have not even a name for that space of time. A week, however, 
they call at present omia/a, that is, "a house," or "a place where one resides," 
which name they have now, per anttmomatiam, bestowed upon the church 
Tbey are divided into bands, which alternately spend a week at the mission, 
where they have to attend chnrch-service, and thus the week has become 
among them synonymous with the church. 

When the Califomians visit the missionary for any purpose, they are per- 
fectly silent at first, and when asked the cause of their visit, their first auswer 
ia vara, which means " nothing." Having afterwards delivered their speech. 
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tbey ait down, unasked ; in doing which the women Btretch oat their legs, while 
the roca crose them in the oriental fashion, llie same habita they obeeTve 
also in the church and elsewhere. They salute nobody, such a civility being 
unknown to them, and tbey have no word to ezpresa greeting. If aotnething 
is communicated to them which they do not like, they spit out sideways and 
scratch the ground with their leil foot to ezpresa their displeasure. 

The men car^ everything on their heads; the women bear loads on their 
backs auapended by ropes uiat paas around their foreheada, and in ofder to 
protect the skin tcova injury, they place botweea the forehead and the rope a 
piece of untanned deer-hide, which reaches considerably above the head, and 
resembles, from afar, a helmet, or the high head-dreas worn by ladies at the 
preacnt time. 

The Galjforaiana have a great predilection for sioging and dancing, which 
are always performed together ; the 6rst is called ambira ditx, the latter agenari. 
Their singing ia nothing but an inarticulate, unmeaning wbieperiDg, murmur- 
ing, or riiouting, which every one intonates according to his own inclination, in 
order to .express hia joy. Their dances consist in a foolish, irregnlar gesticu- 
lating and jumping, or advancing, retreating, and walking in a circle. Yet, they 
take euch delight in these amasementa that they spend whole nighta in their 
performance, in which respect they much resemble Europeans, of whom cer- 
tainly more have killed themeelvea during Shrovetide and at other times by 
danciag, than by praying and fasting. These paatimee, though innocent in 
themselves, had to be rigidly interdicted, because the grosaeat disorders and 
vices were openly perpetrated by tho natives during the performancea ; but it 
is hardly possible to prevent them from indulging in their sports. While 
speaking of these exercises of tho natives, I will also mention that they are 
exceedingly good runners. I would gladly have yielded up to them my three 
horses for consumption if I had been as swift-footed as they ; for, whenever I 
travelled, I became eooner tired with riding than they with walking. They 
will run twenty loaguea to-day, and return to-morrow to the place from whence 
tbey started without showing mnch fatigue. Being oae day on the point of 
setting out on a jonmey, a little boy expressed a wish to accompany me, and 
when "I gave him to understand that the distance was long, the buainesa press- 
ing, and my horse, moreover, very brink, he replied with great promptneaa \ 
"Thy horae will become tired, but I will not." Another time I sent a hoy of 
fourteen yeora with a letter to the neighboring miasioD, situated six leagaes 
from my residence. He started at seven o'clock in the morning, and when 
about a league and a half distant from his place of destination, he met the mis- 
sionary, to whom the letter was addressed, mounted oo a good mule, and on his 
way to pay me a visit. The boy turned round and accompanied the missionary, 
with whom he arrived about noon at my mission, having walked within five 
hours a distance of more than nine leases. 

With boya and girla who have arrived at the age of puberty, with pregnant 
women, new-bom children, and women in child-bed, the Galifomians observed, 
and still secretly observe, certain absurd ceremonies of an unbecoming nature, 
which, for thia reason, cannot be described in this book. , 

There existed always among the CalifomianB individuals of both sexea who 
played the part of sorcerers or conjurers, pretending to possess the power of 
exorcising the devil, whom tbey never saw; of curing diseases, which they 
never healed; and of producing pitohayas, though tbey could only eat them. 
Sometimes they went into caverns, and, changing their voices, made the people 
believe that they conversed with some spiritual power. They threatened also 
with famine and diseases, or promised to drive the small-pox and similar plagues 
away and to other places. When these braggarts appeared formerly in their 
gala apparel, they wore long mantles made of human hair, of which the mis- 
sionaries burned a great number in all newly established missions. The object 
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of theee impoBtOTB wiu to obtain their food without the trouble of gaiheriiig it 
in the fields, for the silly people provided Uiem with the beat they could Bud, 
Id order to keep tliem in good humor and to enjoy their favor. Their infloeace 
is very email now-s-daya; yet the sick do not cease to place their confidence in 
them, as I mentioned in the preceding chapter. 

It might be the proper time now to epeak of the form of government and 
the religion of the Califomiona previous to their conversion tn Christianity; 
but neither the one nor the other existed among them. They had no magis- 
trates, no police, and no laws; idols, temples, religious worship or ceremonies 
were unknown to them, and they neither believed in the true and only God, 
nor adored false deities.* Thsy were all equals, and every one did aa he 
pleased, without asking his neighbor or caring for his opinion, and thus all vices 
' and misdeeds remained unpantsbed, excepting such cases in which the offended 
individual or his relations took the law into their own hands and revenged 
themselves on the guilty party. The different tribes represented by no means 
communities of rational beings, who submit to laws ana regolations and obey 
their superiors, but resembled far more herds of wild swine, which rjin about 
according to their own liking, being together to-day and scattered to-morrow, 
till they meet again by accident at some future time. lu one word, the Coli- 
fomians lived, talva eenia, as thongh they had been freethinkers and materi- 
alists, f 

I made diligent inquiries, among those with whom I lived, to ascertain 
whether they hod any conception of God, a future life, and their own soub, but 
I never could discover the slightest tnice of such a knowledge. Their language 
baa no words for "God" and "eoul," for which rcaeon the missionaries were 
compelled to use in their sermons and religious instructions the Spanish words 
Diot and alma. It could hardly be otherwise with people who thought of 
nothing but eating and merry-making and never reflected on serious matters, 
but dismissed everything that lay beyond the narrow compass of their concep- 
tions with the phrase aipekiriri, viineh means "who knows that?" I often 
asked them whether they had never put to themeelves tho question who might 
be the creator and preserver of the sun, moon, stars, and other objects of nature, 
but was always sent home with a vara, which means " no " in their laifguoge. 

CHAPTER IX.— MOW THEV LIVED BEPQRE AND APTEB THEIR COXVERSIOK. 



I will now proceed to describe in a few words in what manner tho unbap- 
tized Californiana spent their days. 

In the eveuiug, when they had eaten their fill, they either lay down, or s«t 
together and chatted till they were tired of talking, or had communicated to 
each other all that they knew tot the moment. li|.tbe morning tliey slept until 
hunger forced them to rise. As soon as they awakened, the eating recom- 
menced, if anything remained^ and tho laughing, talking, and joking wp"^ 
likewise resumed. After this morning- prayer, when the sun was already some- 
what high, the men seized their bows aud aiTows, and. the women hitched nn 
their yokes and turtlc-shclis. Some went to the right, others to tho left; here 
six, diere four, eight, or three, and sometimes one alone, the different bands 
always continning tho langhiug and chattering on their way. They looked 
arfnnd to espy a monse, lizard, snake, or perhaps a bare or deer; or tore up 
* here and there a yuka or other root, or cut off some aloCa. A part of the day 

• A-M^idlng to FalboT Rccolo, the CalifoniianB womhippod the moon : and Vunegu 
mentions llie belief in a good and 'bad principle as preTailing amoii^ tho Potipue* and 
Cotchimiea.— C*'"'"' Anitiropologtt der AalurrBUter, vol. ir, p. 250.) These etateiQenta 
■M emphiiticallj' refute"! by Baegert in his first appendix, p. 315, wlioro he says: ''It is not 
KM HMtlbey Borehippcd iha moon, or practiced any kind of IdoUtrv," 
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thoB spent, a pause was made. They a&t or lay down in the shade, if they 
happened to find any, withoat, however, allowiDg their tonenea to come to a 
Btand-sCiU, or they played or wrestled with each other, to fina oat who was the 
strongest among them and conld throw his adversaries to the ground, in wliich 
Bport the women likewise participated. Now they either retnmed to the camp- 
mg-placc of the preceding night, or went a few leagues further, until they came 
to some spot supplied with water, where they commenced singeing, burning, 
roasting, and pouuduig the captures they had made during the day. They ate 
as long aa they had anything before them and as there waa room in their sto- 
machs, and after a long, childish or indecent talk, they betook themselves to 
rest again. In tliia manner they lived throughout the whole year, and their 
conversation, if it did not tnra on oating, had always some childish trick or 
knavery for its subject. Those of the natives wbo cannot be put to some use- ' 
fhl labor, while living at the mission, spend their time pretty much in the same 
w^. 

Who wonld expect, nnder theHO circumBtances, to find a spark of reli- 
gion among the Qalifomiana? It ia true, they spoke of the eonrse taken by a 
deer that had escaped them at nightfall with an arrow in hia side, and which 
they intended to pursue the next morning, but they never wecnlated on the 
course of the sun and the other heavenly bodiee ; they talked about their pita- 
hayaa, even long before they were ripe, yet it never occorred to them to think 
of the Creator of the pitahayas and other productions aronnd them. 

I am not unacqn^ted with the statement of a certain author, according to 
which one Califomian tribe at least was found to possess some knowledge of 
the incarnation of the Son of Qod and the Holy Trinity; but this is certainly 
anerror, considering that such aknowledgecould only have been imparted by toe 
preacbera of the Gospel. The whole matter doubtless originated in a deception 
on the part of the natives, who ore very mendacious and inclined to invent 
stories calculated to please the missioniry ; while, on the other hand, every one 
may be easily deceived by them who has not yet found out their tricks. It is, 
moreover, a very difficult task to leom anything from them by inquiry; for, 
besides their shameless lies and unnecessarily evasive answers, they entangle, 
from inborn awkwardness, the subject in qneBtion in auch apitiabte manner, and 
contradict themselves so frequently, that the iuqnirer is very apt to lose his 
patience. A missionary once requested me to find out whether a certain N. 
Lad been married before his baptism, which he received when a grown man, 
with the sister of M. A simple "yea" or "no" would have answered the 

auestion and decided the matter at once. But the examination lasted about 
iree-quarters of an hour, at the end of which I knew just aa little as before. 
I wrote down the questions and answers, and sent the protocol to the missionary, 
who waa no more successful than myself in arriving at the final result, whether 
N. had been the husband of the sister of M. or not. So confused are the minds 
of these Califomian Hottentots. 

Of baptized Indians, there rcaided in each mission as many aa the missionary 
could support and occupy with field-labor, knitting, weaving, and other work. 
Where it was possible to keep a good number of sheep, spinning- wheels and 
looms were in operation, and tne people received more frequently new clothing 
than at other Btattona. In each miasion there were also a number of natives 
appointed for special service, namely, a sacristan, a goat-herd, a tender of the 
sicK, a calcchiat, a superintendent, a fiscal, and two dirty cooks, one for the 
missionary and the other for the Califomians. Of the fifteen missiouB, how- 
' ever, there were only four, and these but thinly populated, which could support 
and clothe all their parishioners, and afford them a home daring the whole 
year. In the other missionary stations, the whole people were divided into ■ 
three or four bands which appeared alternately once m a month at the miBeion 
and encamped there for a week. * • .^ ~ i 

D.gil zed by Google 
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'Every day at sanriae they all attended masB, during which they Bud their 
beads. Before and after masB they recited the Christian doctrine, drawn np 
for them in qtiestionB and anawere in their own langna^. An addrees or ex- 
hortation delivered by the missionary in the some langnage, and lasting from 
half an hour to threeMjnarterB of an hour, concluded the religions service of 
the morning. This over, breakfast was given to those who were engaged in 
some work, while the others went where they pleased in order to gather their 
daily bread in the fields, if the missionary was nnable to provide them with 
food. Towards ennset, a signal with the bell assembled them all again in the 
chorch to say their be&ds and the litany of Loretto, or to sing it on Sundays 
and bolidaya. The bell was not only rang three times a day, as usual, bat 
also at three o'clock in the afternoon, in honor of the agony of Christ, and also, 
according t« Spanish custom, at eight o'clock in the evening, to pray for the 
faithful departed. When the week was over, the parishioners returned to their 
respective homes, some three or six, others fifteen or twenty leagues distuit 
from the mission. • 

On the principal holidays of the year, and also during pasaion-weck, all 
members of the community were assembled at the mission, and they received 
at snch times, l^^sides their ordinary food, some head of cattle and a good sup- 
ply of Indian com for consumption ; dried figs and raisins were also given them 
without stint in all missions where such fruit was raised. On these occasions, 
articles of food and apparel were likewise put np as prizes for those who were 
winners in the games they played, or excelled in shooting at the target. 

Fiscals and superintendents, appointed from among the different bauds, prc- 
aerved order within and without the mission. It was their duty to lead all 
those who were present to the church when the hell rung, and to coUect and 
drive in to the mission that portion of the community whjch bad been roaming 
for three weeks at large. They were to prevent disorders, public scandals and 
knaveries, and to enforce decent behavior and silence during church-service. 
It was further their duty to make the converts recite the catechism morning 
and evening, and to say their beada in the fields; to punish slight tnmsgres- 
sions, and to report more serious oficnccs at the proper place; to take care of 
those who fell sick in the wilderness, and to convey them to the mission, &c., 
ftc. As a badge of their office they carried a cane which was often silver- 
headed. Moat of them were very proud of their dignity, but only a few per- 
formed their duty, for which reason they received their flogging oftener than 
the rest, and bad to bear the blowa and cuffs, which it was their duly to admin- 
iater to others.* There were also catecbista appointed npon whom it woa in- 
cumbent to lead the prayers, and to give instruction to the most ignorant of 
the catechumens. 

Every day, in the morning, at noon, and in the evening, either the mis- 
sionary himself, or some one appointed by him, distributed boiled wheat or 
maize to the pregnant women, the blind, old and infirm, if he was unable to 
feed them all; and for those who were sick, meat waa cooked at least once 
every day. When any work waa done, all engaged in it were fed three times 
a day. Yet their labor was by no means severe. Would to God it had been 

r place, the followine 

nioDB : " In cases m 

_ ., ._ _. _ — rojal officer who com- 

i Ihe Cslifomian squadron; comnjon misdoeds foil within the jurisdicijon of tho 

corporal of Iho »oldior» »talioned in each mission. Capital ponishment, by Bhooting, was' 
only resorted to lu cases of murder ; all otbor transgresfliona were eitLcr punisliod by m 
number of lashes administered with a Icatber wbip on Iha bare skin of the culprit, or his 
fret put in irons for some days, weeks, or months. As to occlesiaa Ileal punishmenle, tliB 
Boman pontiffs did not ihini proper to introduce tham among the Americans, and fines were 
likewise out of the qoealion, u accordonoa with the old Qeimaa proverb ; ' Where tbare is 
nothing, the emperor lias no rights,' " 
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Sseible to make them work like the coontr j people and mechanics in Oerman y t 
]w many knarcrieB and vices wonld have beon avoided every day ! The 
work always commenced late, and ceased before the sun was down. At nosn 
they rested two lioors. It is certain that six laborers in Qermany do more 
work in six days than twelve Califomians in twelve days. And, moreover, all 
their labor was tor their own or their countrymen's benefit ; for the missionary 
derived nothing but care and trouble from it, and might easily have obtainea 
elsewhere the few bushels of wheat or Indian corn which he needed for his 
own consumption. 

For ihe rest, the nussionaiy was the only refnge of the small and grown, 
the sick and the healthy, and he had to bear the bordea of all concerns of the 
miseioQ. Of him the natives requested food and medicine, clothing and shoes, 
tob'tcco for smoking and snuffing, and tools, if they intended to manufacture 
anythiug. Ho had to settle their qoarrels, to take charge of the infants who 
had loBt their parents, to provide for the sick, and to appoint watchers by the 
dying. I have known missionaries who seldom said their office while the san 
shone, so much were they harassed the whole day. Fathers Ugarte and Druet, 
for instance, worked in the fields, exposed to the hot snn, like the poorest 
peasants or joomeymen, standing in the water and mire np to their knees. 
Otbers carried on the trades of tailors and carpenters, masons, brick-barners 
and saddlers; tbey acted as physicians, sni^^ns, organists, and schoolmasters, 
"aiid had to perform the duties of parents, guardians, wardens of hospitals, 
beadles, an5 many others. The intelligent reader, who has so for become 
acquainted with the condition of the country and its inhabitants, can easily 
perceive that these exertions on the part of the missionaries were dictated by 
ncceaeity, and he will, also, be enabled to imagine in what their rents and reve- 
nues, in California not only, but in a hundred other places of America, may 
have consisted. 

CBAPTBK X. — ^THKIB LANODAOB. 

The account thus far given of the character and the habits of the Califor- 
nians will, to a certain extent, enable the reader to form, in advance, an esti- 
mate of their language. A people without laws and religion, who think and 
speak of nothing but their food and other things which they have in common 
with animals, who carry on no trade, and entertain no friendly interconrse with 
neighboring tribe?, that consist, like themselves, only of a few hundred souls 
and always remain within their own small district, where nothing is to be seen 
but thorns, rocks, game, and vermin, such a people, I say, cannot be expected 
to speak an elegant and rich language. A man of sixty years ran away from 
my mission wiin his son, a hoy of aoont six years, and they spent five years 
alone in the Culifomian wilderness, when they were found and bronght back to 
the mission. Kvery one can imagine how and on what subjects these two her- 
mits may have conversed in their daily interconrse. The returned lad, who 
had then nearly reached his twelfth year, was hardly able to speak three words 
in succession, and excepting water, wood, Jire, make, mouse, and the like, he 
could name nothing, insomuch that bo was called the dull and dumb Pablo, or 
Paul, by his own countrymen. The story of this boy may almost bo applied 
to the whole people. 

Leaving aside a great many dialects and offshoots, six entirely different 
languages have thus far been discovered in Oalifomia, namely, the Laymfyta, 
about the mission of Loreto ; the Cotahimi, in the mission of St. Xavier, and 
others towards the north ; the Uuhili and the Pericua in the south ; the still 
unknown laiigoage spoken by the nations whom Father Linck visited in 1766, 
during hia exploration of the northern part of the peninsula; and, lastly, the 
Waicuri language, of which I am now about to treat, having learned as much 
of it as was necessary for conversing with the natives. . 
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The Waicnri langnsge* is of im exceedingly barbarone and rude destriptioti, 
by whicli mdeness, liowerer, I do not mean a hard pronunciation or « ano- 
ceflflion of many conBonantB, for these q^oalitiea do not form tke eesence of a 
language, bat merely its oatward character or conformation, and are more or 
lesa imaginary, as it were, among thoee who are onaeqaainted with iL It ia 
well known that Italiana and Frenchmen conaider the German langonge aa 
barbarous, while the Germans have the like opinioa of the Bohemian or Poliah 
languages ; but these impressions cease as soon as the Frenchmen or Italiaiu 
can converse in German, and the Germans in the Bohemian or Polish tongset. 

In the Waicnri alphabet the letters o,f,g, l,x,z8(n wanting, also the t, exc^tt- 
ing in the U& ; but the great deficiency of the language consists in the toUJ 
absence of a great many words, the want of which would seem to render it 
almost impossible for reasonable beings to coavorae with. each other and to 
receive instmctiou ia the Christian religion. For whatflver is not sabetantaal, 
and cannot be seen or touched or otherwise perceived by the senses, baa no 
name in the Waicnri language. There are no nouns whatever for expressing 
virtues, vicefj, or the different dispositions of the mind, and there exist only a 
few adjectives of this c1«sb, namely, merry, lad, lazy, and angry, all of wtudi 
merely denote such humors as can bo perceived in a person's face. AU tenna 
relating to rational human and civil life, and a multitude of words for signi- 
fying other objects, are entirely wanting, so that it would be a vain trouble to 
look in the Walcuri vocabulary for Uie following expressions ;, life, dtatk, 
weather, lime, cold, heat, world, rain, underttanding, wili, memory, knowledge, 
itrnor, deeenry, contolalion, peace, quarrel, member, joy, imputation, mimd, 
JrieTtdtfriendtkip, tnUk, haihJiUnesa, enmity, JaitA, love, hope, with, detire, hate, 
anger, gratitude, patience, meekneu, envy, tndnttry, liirtue, vice, beauty, tiape, 
tz^knea*, danger, fear, occation, (king, punishment, doubt, servant, matter, vir- 
gin, judgment, suspicion, happiness, happy, reasonable, haihful, decent, derer, 
moderate, pious, obedient, rick, poor, young, old, agreeable, lovely, friendlg, 
half, quick, deep, round, contended, more, lest, to greet, to thank, to punish, to 
be tilent, to promenade, to complain, to worship, to doubt, to buy, to JIatter, to 
carets, topertecute, to dteell. to breathe, to imagine, to idle, to insult, to comsott, 
to live, and a thousand words of a similar character.t 

The word living they have neither as a noun nor as a verb, neither in « 
natural nor a moral sense ; but only the adjective alive. Bad, narroio, short, 
distant, tUtle, &c., they cannot express unless by adding the negation ja. or 
rat ^'* ^^'^ words good, vide, long, near, and much. They have particular 
words for signifying an old nmn. an old woman, a young man, a young woman, 
and so forth ; but the terms old or young do not exist in their -l^gnage. The 
Walcuri contaiua only four words tor denoting the different colors, insomuch 
that the natives cannot distinguish in their speech yellow from red, blue iiom 
green, black from brown, white from ash-colored. Sea, 

Now let the reader imagine how difficult it is to impart to the Califomiane 
any knowledge of Europeuu affairs ; to interpret for them some article &om a 

■ fFaleMri. Paiber Bern's very ciirloua ac«oniit of tbe langna^ ia coniained on pctcw 
177-194 of the " Nachricbten." It comprises, besides the genera! retnarks ou the c&r- 
acterifltic features of the language, the Lord'B Praypr and the Cieed, both with literal and 
free translationa, and tbs conjugatioD of a verb.— W, W. T.— Jle Lilcrature of Atntriaim 
Aboriginal Langaaga, b/f Htrmaan £. Ludeivig. wUk AddUioHs and Comcliont, bn Profttsar 
Wiaidm W. TumsT. London, lt»8, p. -WD. ' ■'™^ 

H may bo romarked in this placo, Ibat the author's aamo is printed in three different wavB, 
via: BfgcT, BtgeH, and Batgert. Id writing ■' Baegtrt," 1 follow Waitz, who probablr 
gives the coirect Bpelling of Ibe name. '^ ' 

tXhe author adds: "And all nouns in general that end in German fn htit, ktU, nist 
nmg, and lekaji." ' ' 

fit will hardly bo oecawOT to mention that the W^cori words most be pranoDnoed m 
German. .Excepting the tick, which is replaced by the equivalent Enirlish somid tsJL tha 
orlbograpby of Uie author has atriclly been preserved. r' Tr , ™" 
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H&drid newspaper, if one happens to be seen in Galirornia a jear or more after 
its appearance ; or to enlarge upon the merits of ibc Saints, and to explain, for 
instance, how thej ranoonced all vanity, forsaking princely possessions and 
even kingdoms, and diBtributed their property among the poor ; how their lives 
were spent in voluntary poverty, cbastit^^ and humility ; and, further, that 
they subjected themselves for years to the severest penances, conquered their 
passions and subdued their inclinations; that they devoted daily eight and 
more hours to prayer and contemplation ; that they disregarded worldly con- 
cerns and even their own lives; slept on the bare ground, and abstained from 
meat and wine. For want of words, the poor preacher has to place his finger 
to hie month in order to illustrate eating ; and concerning the comforts of life, 
every Califomian will tell him that be never, as long as ho lived, slept in a 
bed; that be is entirely unacquainted with such articles as bread, wine, and 
beer; and that, excepting rats and mice, ho hardly ever tasted any kind of 
meat. 

The above-mentioned and a great many other words are wanting in the 
'^Wtlcnri language, simply because those who speak it never use these terms; 
their almost animal-liko existence and narrow compass of ideas rendering the 
application of such eipressions superfluous. But concerning heat or cold, rain 
or tiekneu, they content themselves by saying, it it warm, it ratnt, thi* or 
tJiat person u tick, and nothing else. Sentences like the following: " The 
sickness has much weakened a certain person;" or, "cold is leas euduniblo 
than heat;" or, "after rain follows sunshine," See., are certainly very simple 
in themselves and current among all peasants in Europe, yet infinitely above 
the range of thought and speech of the Califomians. 

They cannot express the degrees of relationship, for instance, _^<^(t, mother, 
tan, brother, aot tho parts of the human body, nor many other words, such as 
viard or tpeeeh, breath, pain, comrade, l[C., singly and without prefixing tho 
possessive pronouns my, thy, our, ^r. They say, therefore, beddre, eddre, tidre, 
kepeddre, tfc., that is, my, thy, hit, our father : and heeue, ecue, ticue, kepicut, 
that is, lay, thy, hit, out mother. So also ma-pd, etapd, Capd, that is, my, thy, 
hif Jarehead. MinamO, einamU, tinami, that is, my, thy, kit note; betania, 
etania, tithania, my, thy, kit word; mencmbcA, enembe4, tenembeH, my, thy, hit 
pain, Ifc. But no Oolilbmian who speaks tho Wuicuri is able to say what tho 
words are, nte, api, nami, taaia, and nerabed, express, for father, f&rehead, 
vwrd, or pain aro significations which they never thought of using in a general 
sense, and far less has it ever entered their minds to speak, for instunce, of the 
duties of a father, of a gloomy, a serene, a narrow or large forehead, or to make 
a long, a flat or an aquiline nose the subject of their conversation. 

The Walcuri language is exceedingly deficient in prepositions and conjuno- 
tions. Of the first class of words, there exist only two tuat have a definite ap- 
plication, namely, tina, <m or upon, and deee or tipittheH, which is equivalent 
to the phrase on account of or for (propter.) The prepositions out, in, before, 
through, with, for (pro,) againtt, by, Sfc., are either represented by the words 
me,pe, and te, which have all the same meaning, or tfaey are not expressed at 
all. The article is entirely wanting, and the nouns are not declined. The 
conjunction ttkie, and, ia always placed afler the words which it baa to connect ; 
the other conjunctions, such oa lliat, but, than, becaute, neither, nor, yet, as, 
Oiough, tfC; ore all wanting, and likewise tho relative pronouns which and who, 
BO frequently occurring in other languages. They have no adverbs derived 
from adjectives, and hardly any of the primitive class. The comparative and 
superlative cannot be expressed, and even the words more and Ictt do not exist, 
and instead of saying, therefore, Peter it caller and hat more tlian Paul, they 
have to use the paraphrase, Peter it tall and hat much, Paul it not toll and 
hat not much. 
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Fmting to tke raU, I wiD neodoa that il 
Bor * maadAXiTe mood, »ad onlj aa ispetf«ct oauti*e Mood, aad that the |tts- 
•tre form it wanaag ao w«II m the fcdptoctl *eH>, «l>kfc i* wed in tbe SpaaUfc 
and Fnaeb laitgwagt*. Tbe Terbe hare oolj ooe Bood aad ibrcc UftMS. tu, 
a preiKDt, pntoit, and fman, whidi are formed bj aJJAJBg cenam w>drogi 
to Uti root of the rctb. naselj. m the prtotmt reoKrdx; a tbe frcterit ritv^ 
rt^rt. Taupe, or raiptre; in th« faiote n«, ««/e or imrmt* 

SoBfftimef the natirea pK:fii the #jrllabte la or a i alone to the phual of lltt 
verb, or cbai^ its first ryllablir ioio its ; for exas^ile, fimitUti, to figfaU aaiaf^ 
to remember, joitr, to cliot ; bat txpidhakt, immKli, and tmdie, when ther 
wiU btdicale thlt there are Kvei^ per£oiufigbtii^,tem«mbenng,ot chatnnf. A 
ie% of their rerbe hare abo a preterit paMtre participle ; Cor example, '•^•piikr. 
to beat, ItAiftiltAirre, a person that has been beaien, plmal kmtipai. Sone 
uonna and adjeeiirea are iikevii« eabject to changes in the plnral nomber, aa, 
tor instance, tuiai, woman, iamat, woioen ; rmtathtk, nglj or bad, and attmdi' 
idmmaA bad or nglj women. Bt «!Xpreesea /, mt (nubi.) me (me) and mgs 
ei means lAox, iAee (tibi,) lAet (te) and lAjf, and eo on throogh all the prrnimil 
asd poM'-^eive proooooe. V«t iecmm or 6etici» eignifies also mjt. and arn oc 
tiUam, thy. 

Tbey luMw nothing of raetapbois, for which reason the pbiaae hUtttd it tie 
Jnit of lAy womb in ibe " Ilail Mary" has vimplj be«i replaced bj tAf ckiU. 
On the other hand they are ferj ingt^nioos in giving names to objects with 
which tbt^ were before nnacqnaioied, calling, for instance, the door, tMoatJk s 
bread, thelighl; irOD. tlie heary ; wine, bad water; a gnn, bote;- the function- 
ariL« of tlie mieaioa, bearert of cane* ; the Spanish captain, wild or entei ; oxen 
and cowe. deer; horses and moles titiheiut-tilid, that is, child of a teite molierf 
and the miseionary, in speaking of or to him, iid-pa-ii, which mdana o*e tdio 
ha* hi* houte im the north, Ifc. 

In order (o conterse in encb a barlmroiu nnd poor language, a European haa 
to ebaogc, as it were, bis wbole nature and to become almost a Calfbraian him- 
self; but in teacbiog the natives the doctrines of the Christian religion in their 
own language, he is rery often compelled to make nse of paraphrases which, 
when traniilaied into a civilized language, most have an odd and sometimes 
even ridiculous sonnd to Enropeans; aod as the reader may, perhaps, be cnii- 
otu to know a little more of this peculiar language, I will give as specimens 
two articles from the Waicnri catecbidm, namely, the Lord"* Prayer and the 
Crerd, each with a double interprcutiou, aud also the whole cobjugatiou of the 
verb amukiri.X 

Concerning this Califomian Lord's Prayer and Creed and their interpreta- 
lions, the reader will take notice of the following explanatory remoi'ks : 

1. The firitC translation, which stands immediately under the Califomian texti 
is perfectly literal and shows the structure of the Waicnri language. This 
version must necessarily produce a bad effect upon European ears; wberea? the 
secoud translation, which is lexs literal and therefore mote intelligible, may serve 
to convey an idea how the Waicuri text sounds to the natives themselves as 
well as to those who understand their idiom, and have become accustomed, by 
long practice, to the awkward position of the words, the absmce of tektive 
pronouns and prepositions, and tlie other deficiendes of the language. 

■ Fnm Ibe coiyngBtion of Iha verb amwltn, ^ren at the eod of this chapler, it is evident 
thM ibne eodiagi tiaveno relerence (o the person or nnmber of the tenses, but may ba iudif- 
t-vPBilv employed. 
I TVb <wmpoiuid word tlloElrslCB well tbepolysTutheticcharaclerof theWsIcnri languitge. 
i W* raDDoi be too thaoktiil to >'a:her Ita>>KGrt, who, wiib all bis oddity and eeeenincity, 
V« tal l^ pbiloioRieal lasie lo proaerve and eiplaia a ipeoimen of the Waicnri — a favor 
it>- r-'Rt.iM'. *> neiiaer Veu^w nor the politbnd Clavigero baa prOHrved anj BpecioMn of 
,^'Vi.u.a.^ui UogUH^ mach leM a reib in folL 

Uigirz^dbyGoO^le 
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3. Tbe words Wy. ehurcA, God, ghott, eomfmnuint, grace, teitt, crmt, vtrgtm, 
name, Aeil. Icingdotn, bread, trespoif, temptation, creator, Jbrgivenen, life, retur- 
rection. Lord, daily. Almighty, third, tfc., are Tranting ia the Walcuri l&agaage, 
and hare either been paraphrased, when it was feasible, or replaced by corre- 
Bponding Spanish woras, io order to avoid too lengthy and not veiy intelligible 
sentenceB. Some words that could bo omitted witbont materially changing the 
sense, SQch as daily in the Lord's Prayer, and Lord in the Creed, have been 
entirely dropped. , 

3. The sentence *he shall come to judge the living and the dead" conid not 
be literally translated, because the Califomians are unable to comprehend the 
moral and theological sense of that passage and others of similiu' character. 
Nor could they be taught in the Creed that the flesh will live again, for by 
"flesh" they understand nothing but the meat of deer and cows. They wonld 
laugh at the idea that men were also fleah, and consequently be led to believe iu 
the resurrection of deer and covra. when they were told that the flesh wiU rise 
again on the day of judgment. 

4. In the Walcuri language Heaven is osnally called aina, that is, Uie above ; 
and also, bat lees frequently, tekerekddatemba, which means curbed or arched 
earth or land, because the firmament resembles a vault or arch. Hell they have 
been taught to call the fire tHat never expirets but this espreBsion is not em- 
ployed in the Wolcori Creed. • 



Repd.dire tekereki[dat«mb& dal, et-ri akAtuiki-pn-me, tAkikarmke- 

OurFalher arched earth tbouart, thee O! that acknoirledgo all will, praise 
pn-me li tihie: eciln gracia — li atlime cat& lekerekiidalembi teble; el- 
all wlU people aod : thj grace O '. tbat have will we arched earth aod ; thee 

ri jebarrakdmo ti pS jn(lp« datembi, pie ei jebaniiki^re, a£Da k6tn kepecila blla 
O! tbat obe7wiU mea all here earth, as thee obe^, above are: our food 
kepe kin jalOpe imtAiri ; cate kuitsbanakd U[ tahie kepecdn atacliiQara, pAe kuilsbanakSre 
lae give this day; na forgive tboii aad our evil, on forgive 

cald t«hie cdvnpe aUiki&ra kepetujaki; cati tikakambA t6i tiihia cavnmeri catji uS 
we also iboj evil oido; U8 help ihonoiid desiiewilluot weanytlunf 

ataki&rai kcpe kaknnjft pe atactot tsbie. Amtn. 
evil) oa protect from evil and. Aiueii. 

Tkt tatM in a law literal tmmlatUm. 

Odt Father, Tboa art in the Heaven ; O tbat all people may acknowledge and praise Thee ! 
O [but we may have Tby grace and Heavea ! O that all men may obey Thee hero iu the 
world as olxiy Thee who oro above! Oar food jrive lu on this day, and forgive aa our sine, 
aa we also torgive those who do us harm; and help us that we may not Ueaire anything 
Einfol, and protect as from evil. Amen. 

The ttnlm articUt of the Crttd littr^lg Irantiatcd, 

Iiiminjiire pfi Diot Tiare nretl-pn.pndafiDe, tinpo me bnaril nretlrikJri 

I believe in God hisFather make all cao, this of noihiog hiknmade 

lekorfklidulembi atembA tshie. Irioiitnjure tsliie pe Jen Chritto tiiabiloa ibo to 

arched eurth enrlh and. 1 believs alxo In Jomis Christ bia son aloue — 

lidre, 6ta punj^re pe Etpirilit Santo, pedirn tsliie me Santa Mnria tirgen. 

bis father's, man made by Holy Ohost, bom and of Saint Maiy virgin, 

Iiiminjure tshie t&u-v^repe Jem Christo bfbitsherikiri lenembeQ ap&me iobitsh^ne 

I believe also this samo Jesns Christ suffered has bis pain KroHt coaimauding 

.t^mme pe Judea Ponlio PiUto; kutikOrte rikiri tjna crai, pibikfri, koi'unjilia rikiri 

being m Jadea Pontius Klate ; extended been on cross, hasdied, nnderearth bnricdis 

tshie; keritshSu alambA bCinju; meakliuja uatilri tipfi-tsbetsbatipi rikiri; tabukfii 

also; gone down earth below ) throe days ahve again has been; gone Dp 

tekereUdatembJl, peneki tahJe me titshnkoU te Diot tiira uretl-pu-pudndao, 

aichedearth, Rita also hit rightband of Qod his iatber make aU cai^ 
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bum tlaafc nwui girt emt v^ gfxid 

EtwirUm Smm»: \r.mix,'in t^ Summ Ijltna cKtWiia, c 
Batj Gbiat: I brLeiv Iknt ia Hah Cubj^ic Ch>n^ O 
li HfaML IrimiBiJvv kmttbmnkimt Dim kKmb«»-d:.a-n, km«*a-dkfi-n ti UUa 
Mo)^ aJrw. 1 bcL«T« ioipTK vUi God kue wcIL aiairm mil men and 
kinui aUdanMA piaiB pa. liiaiiaiire takie lipi tikettkiitipt BM tibikfn ti p4 : 
tlieir bad ^te** "^ I brjcre aad ft^i« agaia wiD be dsad peop l e all : 

MTJte* Ifpc d<I BM^je tMArm uUa. jtwa. 
Ikts alire erer will ba tin laae alio. Amea. 

Xk MM Jkn litcraUy 

I beTMT* ID God the Patbtr, who eaa lato e»e nlMu g; he iaa BMd* «f BOthini^ He**ieii 
aodaulb. I beliercalao io JMuChiitt, tkeonly Son of lui FWlwt: wa* aiade man bj 
tbe Holj GfaM: waa b«ra et tbm Vii^a Uaty. I belSeTc abo lUa mbw Jesw Chriat 
•offNcd ^raat paia while Pnotiat RUie wm eoaunaadinr in Jndea: be waa asKaded on 
Ihtenm: be died and wa* buried: be weni below theeanL; he bname alive waiD in time 
daja: Im> went np U> HrAred; he titteth at the ri^l hand of Owl bia Father, who can maka 
prerjtbinK; be wfll coa>e from Ihenee to frive reward* lath»goDd and bad. I belSeTe in the 
HolfGhorti I belK*e tbne ia a H<J7 Catholic Chord and ammimioa of the bapliiad. I 
believe God will fargm thoae nnn who Ihonxi^; bale and Ibofgn^j confen all their 
gn»i rins. I bdiere alao all dead men will bnome alire again, and tbui tbrj will b« 
alwaja aiire. Amen. 

OOtiUGAIlOM OF TBB TEBB UfUKlai, TO PUT. 
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KoU OH lAt Com*and WaXeuri langiuigta, by Franeiseo Ptnuntd.* 

Fallter Ortega Tsfen la various plaMS to the gntaanax of the Cora language wbicfa ba In 
tended to write j but the irotk, if it waeevet written, ba« been la«t,MQce there U nomentioD 
of it, and it U nukuown to bibliogrsphere. 

The Cora dialect U known also b; tbe names oF Chora, Chota, and NajariU. Thia last 
name comes from the fact that it was Bpoken, and is (till lo, in the mountainB of Nayarit in 
the Stale of Jalisco. There ia another idiom called Cora in California, which is a dialect of 
the Guaicura or Vaicura, diSering from that epoken in JalUco. I have compared vaiioua 
worda of the Quaicura and tbe Cora of Jalisco, and have found them entirely different. 

Example*. 





Cora. 


Vaicura. 
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petehK';::::::::::::::::: 






M.nDl^n,... 












Acta ^. 






Taupe. 
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Be, me, ml, m. 










Ute,t. 
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Note relative to the Autbor.— The only facta concerning the author, which I nu 
able to obtain while engaged in tranalatine hia work, are contained in Dt Socicr'f BiUio- 
Ihiqat dta Eeritaint dt la Confognit dt Jtnt, Liigt IS59. Vol. v, p. 28. 

The anthor, whose name is giveu here a« Jacob Btgtrt, was bom (17]7) itt Schlettatadt 
(Upper lihino.) Ha went to California in 1751 and preached the Oospel there till tho decree 
of L'harles III tore the Jaauits from their missions. On returning to Europe, he retired to 
Neuburg in Bavaria, where he died in the month of December, 1773, Clavigero stands as 
anthoritj tor ascribing tho "Nschrichten" to him, and it is also mentioned that tho "Berlin- 
'sche litterarischo Wochenblatt," (1777, vol. ii, p. 1)25,) contains an extract of the work. 
Meusel'a large work on Oenuan authors, entitled "Dai golehite Deutschlaud," is given aa 
the source from which these statements are derived. 

The "Nachrichten" appeared first iu print in 1772, the same year in which tbe author died, 
who consequently could have ettrrived the publication of his work only a abort tiUK. The 
copy in my hands, which was printed in 1773, is not properly a second edition, bnt merely a 
reprint, in which the most glaring typograpbical errors ace corrected. 

■ Boletin de ta Sociedad Hezie«&a do Oeografia y Estadistico. Mexico, 1662, tooM Tiii, 
num. 11, p. 603, &c •> -r- T- i 
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STUDY OF HIGH ANTIQUITY IN EUROPE. 



BY A. MOHLOT. 



FOB TBB SHITBSONUN INSTITUTION. 



It is well known that in most coantriee of Enrape there are found, axes, 
wedges, hunmerB, knives, arrow-beads, Sec., all of stone. Tbe axes and wedges 
of sione are often called hy tbe comntoa people " thonderbolts," (a doaignation 
wbjcb baa also been applied to certain fossils, such aa tha belemnites ;) and it is 
cnriona to meet witb that notion, not oolj in Brazil, whore it was probably 
introduced by tbe Fortnenese, bnt eren among the Malays* and the Jaraiie«e, 
whilst the Japanese and the Chinese revere theee objects as relics of their 
ancestors.! The truth as to their meaning seems to have dawned bnt later in 
Europe. Thus when, in 1734, the antiquary and numismot, Uahudd, read to 
the Academy of Faris a paper "on tbe so-called thunderbolts," showing that 
they were the first instruments used by man, be appears to have been reproached 
for " not giving tbe reasons, which prove the impoHsibility of such stones being 
formed in tbe clouds." In 1758 there appeared a remarkable work by Oognet, 
on tbe origin of tbe laws, arts, and sciences, in which the matter in treated in a 
perfectly rational manner4 In the preface tbe author lays down a principle 
which deserves to be given textually: " When I met witb an almost total 
absence of facta and historical monuments, particularly for the first ages, I con> 
.suited what the authors tell na of the cnitoms of savage nations. I thought 
that the habits of those people would furnish sure and correct informntio^con- 
rarning tbe state of tbe first tiibea." Further on, (chap, iv, book ii,} Gogneti 
pointing to ths atone axes and other objects of the same sort found in Eurone* 
recognizes them as similar to those of the savages, and as baring been used by 
our ancestors, before tbe latter had become acquainted witb metal. He thea 
goes on to speak of tbe weapons, instruments, and ornaments of copper (bronze) 
tnetin certain old graves in England, Switzerland, Germany, and chiefly in tbe 
north, and be comes to tbe conclusion that copper (bronse) has been used 
instead of iron, fa tenu lieu infer,) which he finds confirmed b; the most 
ancient historical traditions. Lastly, ho points out that iron could only havo 
b(«n known and used later, because its common ores are not distiagnisbed by 
any striking appearance, and becanee this metal is much more difficult to pro- 
duce than copper, which is easily smelted. But GFoguet was in advance of his 
age, and bis valuable arcbteological remarks wre lost to bis contemporaries. 

Later came U. de Oanmont, who treated the matter in a first-rate manner. 
He perceived that stoue implements bad beeu tbe earliest in use, and that copper 

•Gtarge IFimdtor Earl. "Tbe Native BncM of the lodian Archipelago," London, 1853- 
■ud "Joumslof tbe Indiao Archipelago," vol. v, p. 84. ' 

I ('«« SUinld. " Aichief vor BoBcbrijving of Japan," quoted by Earl. 
t A. ¥. OogHtt. " De l•0.^giIle det Lou, d« AiU et d-a Sciences, " (iith edition: 
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and bronze bad been introdaced before iron. Borrowing, according to hia own 
acknowledgmeat, from the language of geologietB, he introduced the happy 
expregaion of chroHohgtcal horizon*, to indicate "the periods in the hietorj of 
art remarkable for revolutions or for notable cbauges in the fonuB and the 
character of tbe monuments." Without pretending to laj down a general rale, 
allowing of no exception, and acknowledging that he owed the idea to Sir B. 
Hoare, M. de Caumout ^so pointed out tbe following order of eucceeaion in the 
mode of burial : In tbe moat ancient gravea the body of the deceased baa been 
doubled up, BO as to bring the kneee in contact with tbe chin, (aa if to take up 
aa little room aa juaeible.) Later (daring tbe bronze age) the dead were usually 
burnt, (whicb leads to infer tbe worabip of fire.) Laatly, tbe body waa often 
lud in the grave, atretcbed ont at full length. BA, taken up by bis vast 
reaearcbea on tbe Roman remaina, M. de Caumout treated of tbe older periods 
only in the 6rat volume of hie Iccturesou monumental tuitiquitiea — a work 
which is in itaelf a monument of fame for its author.* 

It was reserved to the Scandinavian North definitely to open the proper track. 

Denmark and the eonth of Sweden teem with antiquitiea strewed in the 
ground, and with ancient barrows or tomba, raised like hillocks above the sur- 
rounding level. Theae drew attention the more readily, aa Roman civilization 
bad not penetrated bo far, and had not left those traces whicb, for a long time, 
exclusively fastened research in the more southern regions of Ei^po. 

At Copenhagen, the Athens of the Scandinavian North, many b^.'^n already, in 
the paat century, to collect tboae axes and wedges of flint, which attract the 
Kj^hy their perfect state of preservation, and by tbeir natural lustre. It was 
a cnrrent idea among men of learning that thi'se objects were eymbola and 
implemente used in the religions ceremonies and practice of the ancient heathens. 
It waa not ill-conceived. But imagination cannot replace induction. Hence it 
was an event of not« when a aimple merchant, U. Thomaen, whoae talent of 
obscrvatron and rare practical tact, revealed by his ability in collecting coins, 
published in 1833 a paper on tbe antiquities of stone in the nortb.t showing 
tbat these objecta had been the toola and weapons of a people very like tbe 
modem savages, who are not acquainted with the use of metal. 

The activity of Mr. Thomsen remained concentrated on the improvement of 
tbe museum, (Oldnordisk Museum.) which waa confided to hia care. ThHnks 
to him, that eatablisbment has grown to be what the Danea may well claim aa a 
monument of natioiial tame. With tbe view of furthering the interests of that 
museum, Mr. Thomaen published in 1S36, again anonymously, a small practical 
guide for tbe study and preetuvation of northern antiqnities.| The book deeerres 
particuljir notice, aa being tbe firat in whicb tbe chronological classification, 
' formerly indicated by Ooguet, and even hinted at by tbe Latin poet Lucretius. 
,( De Rentm Nalura, lib. v,j is expressly laid down and actually carried out. 
In a chapter on the different periods to which the Pagan antiquities may be 
referred, Mr. Thomaen begins by apeaking of tbe implements of ^tone, of which 
be had already treated in his first paper. He then shows that certain, sepnlcbral 
cbambeM, formed of huge boulders, and in which tbe dead were deposited with- 
out being burned, contain the same atone implrments, without any traces of 
metal. This furoishes bim with hia firat period, which be calls the iltme age. 
Tbe author then goes on to show, aa Qogue^bod already done, that copper and 
bronze must have been in use before tbe iron, and be pointa ont bow cutting- 

' Dt CauimnU. " Conrs d'Antiquit^s MoDamentalea, professi a Caen," 6 vol*,, witballas 
of plates: vol. 1 : Pans, IH*J. 

fXordLskTidBskrLfiforO;dk7n4iffbed,"Tol. 1: Copenhagen, 1832. Eighteen pages in 
octavo, wi[h three plates. Anonfmoug. 

t " Ledetraad til Koidiak OldkyDdjghtd," Capenhaf^ii, 1636. German edition: "Loit- 
fadea zur Nordiscben Atii^rtbamskucde." Copeubagou, 13^17. English edition, b]r Lord 
Elleeinoro: "AGnido loKortbem Anuquities.'' Loudon, 1848. 
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implementB and weapona of bronze alone, without kbj ir 
graves, differing from those of the precediog period, both bjr their etiiictare 
and also by their dead having heen burned. Hence he deduces a second period, 
which he calls lAe bronze age. Next comee l&e iron agt, di^tinguiehed also hj 
system of burial and by the first appearance of ail ver, which waa wanting 



e bronze age, though the latter alreadr worked gold. Thna, what u 
and has long heen, for indostry and civilizatian in gener^, bronze was 
fonnerly, and stone was eUll earlier. Mr. Thomaen also points out, is his Crulde, 



that no traces of alphabetical inscriptions occur before th>i appearance of iroQ, 
and that each of the three periods ia distinguished by its peculiar style of otda- 

While these labors wei^ being prosecuted in Denmark, others not less import- 
ant were undertaken in Si^cden. Wm. S. Nilsson, professor of zoology at the 
flourishing University of Land, began the publication of a great work on tb« 
fauna of Scandinavia. Considering his subject from a comprehensive [>oint 
of view. Professor Nilsson included in it man himself and bis origin. This 
called hia ftttention to the flint implements, and be formed a collectioa of 
them, coDstitutiog now the chief ornament of the museum of Lund, fie 
published his arcbsological researches first as a chapter on the history of 
the chase and fishery in the Scandinavian North, inserted in the first volume 
of his Fauna, (Lund, 1835,) and later, wUb more ample details, in a separate 
quarto volunfe, entitled "The Aborigines of the Scandinavian North, a 
treatise of Comparative Ethnography and a contribution towards the History 
of the Development of Humanity." This work, comprising 280 figures, 
appeared at Lund, in four parts, from 183S to 1843. The author handles his 
subject with all the saperiority of real genius, expressing thought, deep and 
rich, in a style characterized by noble simplicity, oiten verging on the sublime. 
The illustrious Swede begins by showing that the comparative method of the 
naturalist must be applied to the study of the prehistoric ages, just as'has been 
done, when the geologist compared the extinct creations with our present organic 
world. He then applies that method, not in a general manner, as had been done 
before, but entering into all the details required by serious scientific research. 
Be compares, one by one, the flint implements of the North with those of the 
savages. He also points out the atriiung analogy between the most ancieat 
graves in Sweden and the modem hnts of the Oreenlandera, with a view to 
prove that the abodes of the dead were imitated from the dwellings of the living, 
the primitive type of which seems to have been preserved to this dav in GreeQ- 
haa. Bemarlung, that an ancieat race cannot be determined by (he shape «f 
its weapons and tools, nor even by the style of its graves, but only by its oateo- 
logical characteristics. Professor Nilsson takes a review of the skulls, and be 
showa that the type of the aborigines is still reprodijced by the Laplanders, 
whoae ancestors seem to have once held the whole North. He finally confinna 
this by a veiy curious inquiry into the traditions and myths of the North, apply- 
ing here, also, the principle of comparison, and showing, for example, how the 
arrival of 'the first Europeans bad given rise, among the Esquimaux, to similar 
tales. 

The work in question, as its title proclaims, treats only of tbe primitive period, 
marked by the total absence of all metal, and it contains only a few passing 
allusioos to the later periods. 

In 1844 Professor Nilsson published at Lund a paper " On the successive 

Kriods of human development in Scandinavia, during the prehistorical ages." 
, this treatise, which is quite as remarkable as the first, although of mnch leae 
,xtrBL the three ages— of the stone, the bronze, and the iron— are at once 
^i(«vxttised as established, and tbe author enters, respecting each of them, into a 
!v*^ «f details, which constitute the main body of the arcbaiological principles, 
.4IBM i^M carrent in the North. Thus, when speaking of the bronze age, the 
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author points oat the striking nniformitT of the bronze weapons in difierent 
parts of Europe, and this leads him to the conclusion that the civilization of 
that period must hare spread from one and the same centre, situated, probably, 
somewhere on the borders of the AfediterraneaD. The author further remarks, 
that the introduction of bronze, oe also, later, the introdaction of iron, coinciding 
with an essential change in the mode of burial, betrays a profound change, each 
time, in the religions eyetem. Hence the conclusion, that each of those periods 
was maiked by the invasion of a new race, or, to use the author's own terms, 
by a fresh wave of population ; for we can hardly imi^iue that natioas would be 
brought to change their religion, simply because they had acquired a new metal. 

The coneidenible amount of labor required by the publication of his Scandi- 
navian fanna obliged Professor Nilsson to abandon the field of archie o logical 
inquiry. But he nad laid the bioad and solid foundatioos of that combiu&tion of 
researches into the post and present state of mankind, which deserves to be 
acknowledged as a science of its own, under the denomination he proposed, of 
Comparatiee Ethnography. Nilsson has achieved in this branch what Cuvier 
has done for paleontology, when he applied bis principles of comparative anatomy 
to the study of fossil bones.* These two great men have both developed and 
applied the true method ; and this ia much more important than any brilliant 
discovery, a good method being the most powerful instrument of discovery, as 
Cuvier himself remarked. 

To the Swede Nitssoo and to tlie Dane Thomsen, happily both still among 
the living, we are thus indebted for a good method, bringing arcbeeology within 
the pale of natural science, and for a practical classification, baaed on the form 
and matter, and on the use of the relics of the past — that ia, on positive facta,^ 
relative to industry and arta. 

The clasaMcation into three agca — of the stone, the bronze, and the iron — recalls 
^ to mind the distinction established by Werner and his contemporaries of the 
geological formatioife, into Primary, Secondary and Tertiary. It has been equally 
useful, for it began to introduce order into the chaos of antiquities of all ages, 
thrown indiscriminately together in the museums, bo as to cause these to look 
more liko curiosity-shops than Hke scientific establishroenta. 

* Sclired from his profeBSonhip. Mr. Nilaaon haa sgaiD taken up arcbseology. He is now 
publ^sbing a new ana macb enlarged edition of his Scaadinarian Aborigines. A Qerman 
translaUon of tbis new edition is appearing at Hambui*. , 
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PRIZE QUESTIONS. 



EXTEACT FBOM THE PEOGEAMME OF THE HOLLAMD SOCIEIT OF 
SCIENCES AT HABLEM, FOR 1865. 



The Society held its tI3th aanual session 20th May, 1S65. Since the anniu] 
leBBion of 1864 the society hns published the ToNowiDg volumea of its acta : 

1. Vol. xii, 8d part, H. R. Gdppert, uber Einachlmie im Diamanl. 

2. Vol. zs, let part, P. Blecker, Description de quelquet espieetde CobitioOa 

el de Cyprinoidei de Ceylon. 

3. Vol. XX, 2d part, P. Bleeker,' Pescriplion dei etpeces de Siluret de San- 

name, cofueroeet aux Muieea de Leide et de Anuterdam. 

4. Vol. xxi, 1st part. Dr. UermanD Vogelsang, Die Vulkane der Ei/it is 

ikrer Bildungttoeise erlilutert. 

i>. Vol. xxi, Sd part, P. Ducbassaing de Fonbressiu et Giovaaoi Uiclielotti, 
Spongiaim de la met Caratbe. 

6. Vol. xxii, 1st part, Joseph Barnard Davia, On Synostotic Crania among 
Abifriginal Racet of Man. 

It has been decided that the memoir presented by IT. J. Beissel de Borcetle, 
'Die Bryazoen der AacAner Kreidebildung, shall form part of the acta of the 
eociety. * 

lu order to give greater publicity to the scientific labors of the savants of the 
Netherlands, the Society Have decided to publish, at its fwn expense, in the 
French langnagc, (or in Latin, for descriptive systematic memoirs,) the Nelher- 
land Archices of the Exact and Natural ScUncet, publithed by ike Holland 
Society of Sciencei at Harlem; 

The publication of tbis journal, which will contain as well original memoirs 
in exlenM) as trauslatioDS oi summaries of the memoirs of learned Netherlandera 
which have appeared elaewliere, will not bo periodical, but will be regulated 
according tA the number of memoirs presented. It will be edited by the per- 
petual secretary, M. E. H. von Baumhauer, aseisted W MM. R. von Iteea, J. von 
der HoGven, H. J. Halbertsma, and D. Bierene de Baon. 

The Society thinks proper to repeat the following questions, and reqaeeta that 
they be answered before the Jir»t of January, 18C7 ; 

1. The fishes of the Indian ^rcbipelago have engaged the reaearchea of a 
learned Hollander. The Society desires that the other vertebrata of those 
islands, especially those of Borneo, Celebes, and the Moluccas, and, above all, 
those of New Guinea, should be the subject of a like examination. It will 
award its gold medal to the naturalist who shall send it either the descriptioD 
of some new speciea of mammifcrs, birds or reptiles of those iulanda, or a memoir 
containing new and remarkable facta regarding the stracture and mode of life of 
«omo of those animals. 

2. The Society desires as exact a determination as possible of the errors of 
the tables of the moon which we owe to M. Hansen, by the occultatious of the 
Pleiades, observed during the lost revolution of the node of the lunar orbit. 

3. The celebrated mechanician RuhmkorfF has obtained sparks of extraordi- 
nary k-ngth by the machines of induction which bear bis name. The Society 
desires to obtain a determination, by theoretical and experimental researches, of 
the laws which govern the length and intenaity of the sparks in machines of 
diSorent sise and construction.- 

• DigitzedbyGOOgle 
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4. Wbat difference is there between the perception of lonnda with one and 
with both ears I Precise researches are requested regarding this difference, and 
(m the influence in general of the dnality in the organ of hearing. 

6. According to tne reaearches of SI. Pastenr and other savants, fermentation 
is owing to the development of CTTptogams and infnsoria. The Society wishes 
new and positive researcheB to he made on this enhject, and, if necessary, an 
exact description to be ^ven of these plants and animals, and their mode of 
action. 

€. What is the best conetmction for steam vessels designed to clear rivers of 
the masses of ice which obetract the course of the waterl It is expected that 
in answering this question notice will be taken of all that practice has decided 
npon this subject, as well in our own couDtry as abroad. 

7. With the exception of some formations on the eastern frontier of the king* 
dom of the low countries, the geolgoical strata of that region covered with 
deposits of alluvium and diluvium are still but little known. An account is 
desired of all that has been brought to light with certainty, whether by borings 
executed at different places or by other observations, respecting the nature of 
those formations. 

8. It is known, chiefly by the labors of M. Boemer, at Breslan, that many 
of the fossils which are found near Groningen belong to the same species witli 
those occurring in the silurian formations of the island of Gothland. This has 
led M. Boemer to the conclusioQ that the diluvium of Groningen haa been 
transported from the island just named; but such an origin appears to comport 
bat little with the direction in which this diluvium is deposited — a direction 
which would rather indicate a transportation from the southern part of Norwi^- 
The Society desires to see this questiou decided by an exact comparison of the 
fossils of Groningen with the minerals and fossils of the silurian and other 
formations of that part of Norway, with a regu'd at the same time to the modi- 
fications which the conveyance from a remote country and its eonsequencea 
may have caused those minerals and fossils to undergo. 

9. The combustion of steel, iron, and other metals in oxygen is accompanied 
by the apparition of a mnltimde of incandescent particles thrown off from the 
surface of the body in combnetion, and which are found after the phenomenon 
at the bottom of the vessel ,in which the combustion is efiected. The same 
fact is observed in the luminous electric arch of a strong battery between two 
metBllic- rheophores, one of which at least is of iron or steel. The Society 
asks an explanation, based upon new and decisive researches, of the cause of 
this phenomenon. 

10. We request a continuation of the remarkable researches of M. Brewster 
on the liquids and gases which fill the small cavities sometimes found in crys- 
tallized minerals. 

11. The Society invites an exact anatomica] comparison between the skeleton 
of the Cryptabranchitt japonicMi and that of the fossil salamanders of Oeningen, 
as well as that of the salamander of Roth. 

12. An exact description, with figures, of the skeleton and muscles of the 
SciuTUi vtcfgarit, compared with what is known on this subject of the Lemuridet 
and Chiromi/i, is requested, in order that the place to be assigned to this last 
species in the natural classification may be determined with more certainty than 
has been heretofore possible. 

13. The Societywishes an anatomical description, withfigores, of the Ameri- 
can Potto, (CfrcolepUi Illiger, Vivera eandivolvula PaUat,) compared with the 
structure of other mammifers, as the NiuMa and Procyon, and with that of the 
quadrumana. The attention of the author is especially directed to the commu- 
nication of Mr. Owen, (Proceedings of Zoological Society 1835, p. 119-124.) 

14. The physiological action of carbonic acid on the animal organism, espe- 
cially that of man, isrecommended as the objectof new and decisive experimeDt& 
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' m. It is desirable that exact reieareku shoold be instituted respecting the 
dbtribntion of plants and animala in tLe cool strata of difimnt coontiiea. 

I6( A memoir of Savart, cmnmanicated as an extract in the Journal of the 
Institute, No. 313 and 314, b; Ji. Maasoo, cootaio^ the Kccoant of cxperiioentt 
on the simnltaneotis movement of two pendulums. Tha Socif^tj would wiuh 
these experiments to be repeated and explained, if their result be confirmed. 

17. Late researches on beats and the reenlting sounds do uot seem to lead 
neceesarilf to an abaudoument of the principle of Duiiel Btrnouilli, of thf coex- 
istcucf^ of small escillatione for vibrations, which are propagated in au Ladf finite 
medium. The case is wholly different when the qnescion relates to vibrations 
with fixed modes and centres in a circumaeribed medium. The Society lavitM 
new researches, aa well experimental as theoretical, on the resulting sounds and 
the vibrations of stretched cords and membranes which prodnca them by their 
combintttiona and their interference. 

18. It seems that the phenomenon, known ae Porrets's, of the electrical trasa- 
latiott of matter across a porous diaphragm, is not an isolated fact, but thu by 
considering it in its relation^ with other phenomena it will be fonnd to be a par- 
ticular case of a general action. New researches therefore are invited respect- 
ing this phenomenon, especially with reference to those of 11. Hittorff, oo (he 
truislation of elements in the electrolyais. 

19. Recent researches have evinced an important analogy between the con- 
ducting power of bodies for beat and for the electric current. Tho aubetsncea 
compa^ in this respect were all good conductors of electricity. Th<4 So^ty 
desires reseiarcheB on the conduoting power aa regards heat of certain isolating 
or slightly conducting substances, as glass, marble. Ice, and a discussion of the 
results obtained, in reference to what baa been disclosed by the remarkable 
researches of M. Gaugain respecting the conducting ^wer and induCtive capacity 
of such sabatonces for electricity. 

20. New experimental researches are requested respecting the interior friction 
or viscosity of liquids in movement, and oo their friction against the walla of 
the channel or tube in which they are moving. It is particularly desirable 
tbat a viscid liquor, for instance a thick oil, should be ezperimentaJly studied 
under this point of view. 

31. The Society aolicite farther exact researches upon the remarkable phe- 
nomena of dissociation discovered by U. Sain te-C laired eville. 

For this year the following questions, whose term expiree the^rit of Jd*uarg, 
1867, have been propoeed : 

1. An exact aetermination of the heat produced by the combustion of the 
glycerides is desired. 

2. The fractional distillation and fractional precipitation, extolled aa meana 
for separating from one another bodies homologous in their mixtures, ore, aa 
anch, very insufficient. The Society invites a research for better means of ob- 
taining that result. 

3. It seems that the diminution of temperature in the successive strata of the 
atmospheric air is not equal under different latitudes ; it is desirable to have 
this point so interesting for meteorology elucidated by new researches. 

4- The Society wianea an illustrated memoir containing very exact nucro- 
Bcopic researches on the formation and development of the e^ in the ovary of 
fishes and birds. 

A. A monography ae completo as possible of the lichens of the Netherlands. 

6. We possess very exact determmationa of the density and of the dilatation 
of mixtures of nthylic alcohol and water by Gilpin, Gfty Lnssac, and M. von 
Baumbaner. Determinationa not leas exact ace requested for mixtures of water, 
and methylic alcohoL 

7. We only know with enffieient exactneaa the density of very few bodies 
■olnble in water which mi^t oot be found by the ordinvy hydranlic balaace 
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Society r«qneBta the exact determmation, at different tempemtureB, of at least 
fifty bodies Bolnble in water. 

8. Of PCTeral plnnte, for iostance, Aeecnlas bippocaatannm, Am^gdalufl com- 
mtiniB, Qnercna pedancnlata, Titia porrifoUa et grandifolia, Geraniam, dec, a 
certain qnantity of the otuIcb do not become developed. It ia desirable that 
the cause of tbie constant anomaly ebonld be explained by microecopic re- 
Bfarchee, illnstrated by figures. These researches should comprise at least tea 
sppcips of plants. 

9. In Tolnmetric rMearcbes the- condensation of gases on snr&cea ezerciseB 
sn cmbarrasBtng infinence, inasmuch as the defisiency of precise data of such 
condensation at different temperatures and different pressures does not permit 
ns to apply the necessary corrections. The Society solicits new researches on 
this important question. 

10. Determinations of the temperature of deep stagnant waters (laea) at dif- 
ffren( depths. 

11. A minat« description, based on new experiments, of fecundation in the 
family of the Oraminete. An exact answer is sought to the following questions : 

a. Do the anthers open before, after, or at the moment of the separation of 
the glamellffi (palenl) 

b. Is the pollen stn;wn upon the stigmas before, after, or at the moment of 
the separation of the glnmellte ? 

e. Does this sepcuatiai) of the glamellffi influence the descent of the pollen 
upon the stigmasi 

d. What exterior caasee may jaeilitate or prevent this descent of the pollen 
upon the stigmas ? 

e. Do the stigmas secrete a matter qualified to retain the grains of pollen 1 

f. By what route do the pollenary tubes descend towards the embryonic 
sack? 

These researches should comprise, in the first place, wheat, barley, rye, oats, 
and next as large a number as possible of other plants pertaining to different 
classes of the family ofGraminese. 

The Society would recall to mind that last year it proposed the following 
questions to be answered before thejiTit of January 1866 ; 

1. A complete embryology of the SqualuM tpinax and the Squaitit aeanthias, 
from the egg in the ovary to the complete formation of the young fieh. 

8. A critical nomenclature of the AnwiUata and TurbtUaria, which ore found 
in the interior and on the coasts of the Netherlands, baaed upon new researches. 

3. A comparative myology of the anterior members of reptiles and of birds, 
with reference to the denomination of the curreepouding or homologous muscles 
in mammifers, and especially in man. 

4. The form of the figures, named after Lichtenberg, whether produced by 
positive or negative electricity, being different, a new and satisfactoty explana- 
tion of that difference is requested. 

5. Kesearchee are iuvited on the molecular change produced in the wires of 
different metals by the sustained action of an electric cnrrent as strong as is 
possible without producing fheion. 

6. A complete embryology of the Lepai anatifera. 

7. A comparative anatomical description of the remtuns of birds which are 
ibund in different geological formations. 

8. The origin of several rocks being stUl unknown t« us, the Society wishes 
that at least one rock, at the choice of the author, should he examined with a 
view of deciding whether it has been deposited from a solution in water, or 
formed by the solidification of a mass melted by heat. 

9. The preparation of solid carbonic add presenting no longer any difficulty, 
or danger, a complete examination is needed of its physical propcrtiea. 

10. A microscopic and chemical examination is requested of the matter, dif- 
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fliBiiig it BtroDg odor of mask, which ia Mcretod by glands plac«d near tke JKW- 
bones of crocodilea. 

11. An exact anatomical description of the atargeoa, {Aanpenter tturia,} with 
a mqnograpby of its development from the egg to the adult animal. 

12. A compariaon of the remains of caetore and emydea fonnd in the peat 
moss, ia localities where thoae animala do longer live, with th« living species 
of those animals. 

13. If there be earthquakes which are only attributable to snbaideDoe of 
strata sitoated at a greater or less depth, hj what distinctive characters cao 
they be recognized 1 

14. It has been observed that oxygen does not conduct the currents of in- 
duction of the apparatus of Rnhmkorff, except when its lenaion haa been redaced 
to the pressure of 6 mm. of mercury; and that, &om that point, its coadactang 
power augments, when the diminution of tension ia continued until it reaches 
0.5 mm., when its powers appear hi have attained a maximum. It is desirable 
that thia phenomenon should be confirmed by new experimenta, and that, by 
comparing it with what is analogous in regard to other gases, its cause ahoold 
be made known. 

15. New experimental researches on the velocity of propagation of-electricity. 

16. A methodical description of the remains of plants of the tertiary forma* 
tion in the NetherlandB. 

17. Should metallic masses in a building protected by a lighbiing coudoetor 
be placed in communication with the tatter or not] On this anbject new le- 
searches, both experimental and theoretical, are requested. 

18. A series of new experimenta] researches on the inflaonce of mechanical 
forces upon chemical actions. ^ 

19. What are the constitaent elements of the fatty body in the larvw of 
insects, and what are its functions 1 

20. An anatomical description of the Monitor fbivUtatutJ of the island o( 
Java. 

31. The Society desires that the corpuscles of the blood in different orders of 
reptiles should be described and delineated after new and original researches. 

22. The density of the vapors of substances is one of their most important 
physical characters ; it is therefore to be regretted that it has as yet only been 
detennined with respect to so few inorganic bodies. The method indicated by 
U. Sainte-Claire-Deville for that detemiination seems calculated to extend «nr 
knowledge upon this point. Hence the Society solicits the deterroinatioa of 
the density of the vapors of different substances in regard to which that fact has 
remained niidetermined till the present time. 

23. Instruments and experimental methods having been sufficiently improved 
of late to enable us to undertake with success experiments on the difi'action of 
souudi the Society requests that those experiments be made, and that there be 
deduced from them a aetermination of the velocity of sound. 

i^ Eesearches are desired on the modifications in the spectral lines of divers 
substances, produced by different temperatures and densities. 

35. An analytical catalogue (raitontU) is needed of the geographical distri- 
bution of moUosks. 

The ordinary prize fbr a satisfactory answer to each of these questions is a 
gold medal of the value of 150 florins, and a further grattiity of 150 florins if 
the answer is deemed worthy thereof. The answers, legibly written in Dutch, 
French, English, Italian, Latin or German, (Eloman letters,) and free of charge, 
with billets in the manner usually adopted in like cases, most be addressed to 
Professor E. H, Von Baunhauer, Perpelnal Secretary of the Holland Sodety 

•f ScicMU, at Harlem. 
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IMPERIAL SOCIETT OP NATURAL SCIENCES OF CHERBOURG. 

PROaRAMMB OF COMPETITION FOR 1868. 

The Sodety often for competition tbe foUoiring qaeation : 

The varech* (tea-vn-ack, JtuM*) in the two-fidd poiiU of view of agrieuUure 

amd of indtufry. 
Full latitade ia ^vea to the competitors to treat this question as they ahall 

think proper ; vet it is thought that their attention should be more particularly 

called to Uie fotlowing points ; 

1. What time is the moet suitable for gathering the rarechs fixed on rocks, 
and beat reconciles the reqnireraents of reproduction with the wants and usages 
of agricnltiir« 1 Should we make two harreats in each year, or but a single 
one 1 Ooght the varech to be plncked or cut ! 

2. By what means ia it practicable to conciliate to the greatest possible ex- 
tent the interests of agricmturista and those of the mannfactuiers of iodine and 
of alkaline salts t 

3. What are the moat proper modes of application to augment the effects of 
manuring with the varechaT Might not the employment of a mixture in suit- 
able proportions of tbe residuum of tbe lixiviatton of kelp with the common 
varectt be attended with good economical results 1 Sy what methods of pre- 
vious stratification and maceration might we succeed in profitably uniting tbe 
mineral matters contained in tliat residanm with the oi^anic aubstanccs indis- 
pensable for completitig the elements of vegetable nutrition, and in obtaining the 
maximum of useful effect ? 

The answers to these different questions, and to all others which the CDm|)eti- 
tors may themselves propose, should be founded not on theoretical con BideratioDB, 
hut on new and solid experiments, devised by the authors of the memoirs, and 
carefully described. Tfie prize Jhr competition is a gold medal of fiee kiaidred 
' franK*. The Society may, moreover, award medals of silver to tlio authors of 
memoirs which, without completely resolving the proposed qnestions, shall have 
furnished, nevertheless, useiViI indications of a nature to merit that distinction. 
The right is reserved of pahlishing in the memoirs of the Society, either in 
whole or in part, the' manuscripts which shall he presented. 

Tbe memoirs must be written in French, Latin, or English, and be addressed, 
free of charge, hefore ike Jirit of Jtdy, 1868, to the archiviat of the Society, 
I>r. A. Le Jolis, rue de la Duch^, 39, at Cherbourg. Each manuscript wUI 
be preceded by a motto or epigraph, repeated in a aeaJed billet which cont^ns 
the name and domicile of the author, as well as a declaration, aigned by bimaelf, 
that the production ia nnpubltsbed, and has not before been submitted to com- 
petition. This billet will not be opened unless a prize shall have been awarded 
to tbe work, or it be judged worthy of publication in the memoirs of the Society. 
Tbe manuscripts will remain the property of the Society. 

CUEBBOUHQ, June 8, 1865. 
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Secretary, L. FtBORY. Perpetual ArchivitU, Dr. A. Lb JOLia. 

Treasurer, LaTIBDX. Vice-PrendaU, Gbdfkov, Senior. 
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PBIZB 4)UESTI0NS. 



PRTCT: QCErnOSS OF THE PHYSICXL-MATHEMATICAL CLASS OP 

THE BOIAL PEUS3IAS ACADEMY OF SCIEKCE8 F0« 

THE TEAKS 1SG6-7- 



K-KJ>snt AT nt nTBLlO BESSION UPON THE T.KIBSITZ FESTITAI.. JULY T, ISM. 



CFrm Ikt SitimT Ltgaeg.) 

It. f»r i^ dw monthlj reports of the Academy, for JannKr^, 18fi6i as well aa 
)c M wniT p^>iished in vol. LIII of Crell'e Journal, Steiner communicated 
a M<rin> t4 1^ ftudamental properties of the sorfacee of the third order, arririug 
M :W wMOW &r & purely geometrical theory of the same. 

T>r AcMkoiy desires iMt this remarkable labor of the distingnished geometer 
V ««n^ *■! further, according to its synthetic methods, ana be perfected in 
iKKml «»Mli*l points. 

Vm iku purpose it would be necessary, first, to give proofe, which are tar 
^ wMi put merely indicated or even omitted for the principal propositions ; 
^ .^ MTvetigation mast be extended beyond the cases treated by Sleiber to 
mKkw )Wifct«s in which the elements serdog for the geometrical construction 
MV Ja fMt imaginary. Beside this, the Academy wonld regard it as an import- 
^4 arctMion of Steiner's theoiy, although not af^solutely indispensable, if a 
wMt'^Nff characterizing of the different kinds of cones in space formed by the 
jmimirrim of two of the envfacee here alluded to were given. 

£«iuv9 contending for the prize may be written in the German, Latin, ot 
Ovttitt lanffuages, and the time during which they can be received will expire 
wwM MaiiS 1, 186G. Every essay most be accompanied by a motto, which 
s)iM ab«» be placed upon the oniaidf of a sealed envelope containing th'^ antbor's ' 

l^W priM of six hundred thalera will be conferred at the pnblie session of the 
U-itmiU festival in the month of July, 1666. 



'tlt# lbeoi7 of the elliptic and Abel's functions, which has already enabled 
t^ ^rtMHWM of-probleniB in nearly every branch of mathematics, and for which 
UdMc atMOM for the analysis were insufficient, is without doubt susceptible of 
..U..1 uldltional annlicatione. and, therefore, the Academy offers the follow- 

;ebra, arithmetic, integral calculus, geom- 

lysica, which cui be perfectly solved by 

ntata." 

author, be written in the German, Latin, 

' their reception expires upon the 1st of 

accompanied with a motto, which nmBt 

sealed envelope coniainiDg the aatliar's 

U be conferred at the public session on 



by Google 



PBIZE QUESTIOKS. 



CEOLOOICAL PRIZE. 

ANXOUEICED OS UAT 30, U«, BY THE lUPERUL ACADEUT OF BCIENCEa AT VIENNA. 

The greAt majority oFtbe moat accarately stadied ernpUve rocke, both io and 
outside of Atiatria,t>eIong either to the older jialteozoic fonnatiouB or to the later 
tertiaiy and quite modem periods. 

In the Austrian alps, however, still more id the Carpathiaa mountains, aud 
also partially in Bohemia, there are masses of rocks in great quantity and Taricty, 
which break through the stratified rocks or stsnd in relation to the lame, but 
of which the period of eruption falls within the epoch of a middle age, b^in- 
nine with the dyaa formation to that of the eocene.. 

To name only a few of these, we have the metflphyre of the 

(Rotbliegende) in Bohemia and the red sandstones of the Carpathians, which 
belong probably to^the same fonnation ; the red porphyry and metaphyra of the 
triae of the southern Alps ; the so-called angite-porpbyry and amygdaloida of 
the ea^t Carpathians standing in connexion with the Jurassic limeatone; tho 
teschinitc of the chalk and eocene formation of the Siieeian Carpathians, See. 

Many of these rocks have been named heretofore generally and from mere 
external analogies. An accurate mineralogical and cliemical investigation of 
the same, a comparison of the platonic rocks of the higher and younger periods, 
constitutes a problem, the solution of which would fill a gap, in the true sense 
of the word, in onr knowledge, and woold appear alone to be of vast importance 
to science. The Imperial Academy can with right expect this solution, because, 
as far aa is yet known, no other conntry in the world poeseasee eruptive rocks 
of the period alluded to in equal quantity and abandaoce. 

The mathematical-natural nistory class of the Imperial Academy of Sciences 
has therefore determined to offer & prise for the answer to the foUowing prob- 

" An accurate mineralogicai, and, a* far a* nuty bepottible, ehemtcai inoea- 
tigalion of the largett nitmhtr of trvptive rock* in Atutria of the middle period, 
from the dya* formation to that of the eocfne, and the oomparittm oflhete with 
the more euxttrately known older and younger eruptive roekt ^ Atutrta and of 
other conntriet." 

The period for closing the reception of the prize essays has been fixed for 
December 31, 1866 ; the announcement and reception of the prize of two bun* 
dred royal imperial mint ducats will follow at the commemorative seesion of the 
Academy on Hay 30, 1867. 

The following paragT^hs relating to prize essays, from the order of busineas 
of the Imperial Acadnny, are published for the benefit of the contestants : 

% 56. All prize essays should be furnished without the name of the author, 
but, as usua^ with an accompanying motto and with a sealed envelope contain* 
ing the author's name in the inside and his motto upon the outside. 

At the commemorative session of May 30, the president ^all open the sealed 
envelope inscribed with the motto of Uie successful essav, and snail announce 
the name of the author. The other envelopes shall be burned unopened, hot 
the essays shall be preserved subject to the call of their authors, announcing 
each his motto. 

S 67. The division of a prize between several contestants is prohibited. 

% 58. Every crowned prize essay remains the property of its composer. 
Should he BO desire, it will be published by the Academy. 

§ 59. The members of the Academy shall not strive for this prize. » 

\ 60. Essays which have not received a prize may, if worthy, be published 
by the Academy, with the consent of the author. 
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EXPLORATIONS. 



SCIENTIFIC EXPEDITION TO MEXICO. 



A BRPORT ADDBESSED TO THE EMPEBOB BY THE mNISTEB OF PUBLIC 
IXSTEUCTIOS. 



TKARBl^TED FOB THE SHTTaaONIAN nBTITUTIOt 



SiXTV-aix years ago 40,000' men of the army of Italy and onr most illastriooR 
chief landed at Alexandria. The young general was followed not only by tbe 
bravest soldiers in the world, bnt by a whole colony of sarants, who achieved, 
after their own manner, the conquest of -Egypt by tearing away tbe veil in 
which its ancient cirilization bad, for fifteen centuries, been enveloped. By tbe 
reeearchcB of the LwlUttte of Cairo tbe arcbffiological sciences were renovated 
in Enrope. Wtthont the publication of the great work of the Deteripttam «/ 
Egypt, Ghampollion wonld never have conceived tbe design nor possessed the 
means of commencing the interpretation of the hieroglyphs which science had 
pronounced an inexplicable enigma, and France wonld nave wanted the honor 
of baving found the key to those inscriptions which have already explained m 
many eymbole and doctrines, and revealed so many ideas concerning the religion, 
the history, and the chronol<^ of that ancient world. 

It was on tbe banks of the Nile that Oeoffroy Saint Hilaire conceived the 
first thonght of his great system of anatomical philosophy ; and if the levellings 
effected by bia coUeagnes on the letbrnos of Saee, under the fire of the Arabs, 
were not exact, their idea of a commnnicatinn between the two seas has not the 
less maintained its popnlarity to the day when, thanks to another Frenchman, 
it might become a reality. 

To the conqneatB of abstract science ware added those of art. In the draw- 
ings which the expedition brought away onr artists saw enlarged resourcea for 
tbe expreaaioQ of the beaatifdl placed at tbeir disposal. 

The labors of the Institute of Cairo were even attended with consequeDCea 
of practical utility. Tbe study of tbe climate and of tbe geographical condi- 
tions of the valley of the Nile led to tbe discovery of means for promoting Um 
salnhrity of the country and securing to its inbabitanta a better nygiene. At 
this day the plague has almost disappeared, and, notwithstanding the frequency 
and &cility of commercial intercourse, this scouige no longer arrives on our 
coasts to decimate onr population, and, as in 1720, to snatch from Frovoioe 
alone 85,000 of its inhabitants. It is to the medical hivestigations of the In- 
stitnte of Egypt that we should refer the commencement of tl^ great uneliora- 
tioD. 

And while learned Europe was enriched with scientific facts, with ideas and 
forms of art, which the great work on Egypt threw into general circnlatiou, Egypt 
itaelf, reanimated by the contact with our soldiera and savants, cmei^d from ita 
lethwgy. Several of its yoath were consigned to a member of tbe Institute to 
be initiated in oar European civilization ; a number of our engineers were invited 
to the work of Egyptun regeneration ; and if there is found to-day on tbe 
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banks of the Nile an association vhicb BBserts its place among modern aocietieH, 
and plays an important part, tbrongb .product! on and commerce, in the general 
iateresta of the world, it is in great port becanse the hand of France was 
stretched forth to Tescne this people from their state of torpor. 

Prepoeeeeeed hr th^ memories, yoar Mfljeaty has determined that what 
was done on the oanks of the Nile by him who was to become Napoleon I, 
dionld be accumpliahed in Uexico under the anspices of Napoleon III. The 
^resnlte obtained sixty years afo are the gnarontee of the resnlts in reserve for 
the new expedition. Uexico, it is tme, does not offer the historic interest pre- 
sented by that land of Egypt, where Herodotns placed the origin of the religion, 
the arts, and of a portion m the inhabitants of Greece. NcTertheless Uexico, 
too, has many secrets to disclose to us ; a pecnliar civilization which science 
sbonld revive, races whose origin eindes ns, nnknown languages, mysierions 
inecriptionB, and imposing monnments. But if the expedition be contemplated 
ia relation to the natural and physical sciences, what comparison can be made 
between the two countries 1 On the one hand, a long valley of scarcely 260 
leagues, with a width at certain points of but a few hundred toises, where the 
sky, the earth, and the waters are of an admirable but wearisome uniformity ; 
on the other, a vast region bathed by two oceans, traversed by large rivers 
snd lofly monntains — which, sitoated near the equator, possesses every climate, 
because it has all altitudes ; where the redundant vegetation of the tropics 
afaelters innumerable tribes of animated creatures ; where, in fine, the internal 
wealth corresponds to that of the surface, for the millions which, during three 
oentnries, Mexico has poni«d into the lap of Europe are but the first fruits of 
the treasuTes which it yet has in store. 

The Uexico of Uontezuma comprised but abont six degrees of 'latitude, from 
the 15th to the Slat. Outside of its ^ntiers there remained, to the south, 
Yucatan and the entire isthmus ; to the north, all Sonora and the great valley 
of the Rio del Nor(«. But the history of these regions, the races which people 
them, ia too closely associated with the history and the races of Mexico to do 
neglected by a scientific expedition. The field of exploration, thed, extends 
frcmi the sources of the Rio del Norte and the river Colorado to the Gulf of 
Doricn, over about 32° of latitnc!c. 

It is tme that a great number of documents relative to this wide tract have 
been already collected by the scientific men of the country — by some of the 
fimctionariea sent thither by France, and by travellers, who have followed in 
the traces of the most illustrious of their number, William von Humboldt. Bat 
information thus gained at points widely separated requires to he compared, 
figested, and submitted to scientific verification. In view of the details and 
rigor of method which science now exacts, Mexico offers, in r^ard to many 
seiencos, a field of culture almost m[itouched. We have, for example, numerous 
diarts of this region, but the best of them leave much to be desired. In the 
provinces to the south and west of Uexico the course of the largest rivers is 
tnced in a very uncertain manner, and it is not necessary to diverge far from 
tlie frequented routes to make the most npexpected discoveries. At a short 
distance from Perote, on the highway between Vera Oruz and Mexico, the 
mops indicated, four or five years since, a lagoon, where M. de Saussare encoun- 
tered hills. To the north the region of the Sierra Uadre and the Sierra Verde, 
to the south Quatemola, Honduras, and Darien, indade vast tracts as little 
known as the centre of Africa. 

These researches, useful alike to commerce and to science,' will promote, per- 
haps, the solution of the problem proponnded twenty years ago by Prince Louis 
Napoleon for piercing the American isthmus with an interoceanic canal. The 
Emperor might in this, as in so many other instances, witness the realization of 
the hardy and prolific visions of the exile. . 

In re^rd to the geologic constitation of this part of the New Worid we baira 
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glimpses rather than any genenl viev ; two itndies. amoag othrav, ure hen te 
Be created or reamned — paleontolo^and tjte examination of volcanic pbenoxaena, 
whicb, in Mexico, piesent themselves in colossal proportions. 

What has been done hy mining associations is worthy of pniiBe. hot vIiAt ■■ 
known as yet of the miaeralogical wealth of Uexico is nndontitedly the snuDeM 
part of that which exists. The sites thus far tnmed to profit are those for the 
most port which hazard has presented. A tnily scientific ^xpIoratioQ wmld 
disclose to this branch of indnatry a future of unexpected prosperity. 

A country of so bold and hroken an outline, and eabmitted to the powerful 
and varied action of extzemes of climate as well as to that ^ the forces prooead- 
ing from the interior of the earth, holds out large promise to the physics of tbi 
globe and to meteorology. 

Nor will botany be less fortunate. Those endlessly diversified riiiiiiatiinM. 
those elevations where all climatea present themselves, enable Mexico and 
Central America to spread before the eyes of the traveller a magnificent and 
multiform 6ora, sncfa as is offered by no other region of the globe. The sciesea 
has here already made many acquisitions, but a full harvest is yet to be f^aA- 
ered, and our gardens, our parks, onr forests, and onr fields. wUl be enriched 
with new plants for ornament and nse. 

In these regions where nature scatters life under all forms, the animal king- 
dom ia not less rich nor less curious than the vegetable. Agassiz thinks that 
he has fonsd living in the Gulf of Mexico certain antediluvian polyps iriiieh 
occur imbedded in the soil of Florida, and the e»crinittt are extant only hsfc: 
a mysteriona link between the world of primeval times and onr own. 

The almost new science of anthropology cannot fail to derive great light frva 
the calm study of the races buried in the grottoes of Central America, or from 
those which still live on the plateau of Anahuac or in the neighboring regions. 
The mixed breeds, resulting from the intercourse of the indigenous and foreign 
races, will furnish suggestions for a stndy associated with questions of the highest 
import, at once physiological, moral, and social. 

Mexico is still rich in promise for isnother science — comparative philology. 
Though hardly of a man's age, this science has alreadv detected the origin <^ 
races of men, reunited the broken ties of nations, and prepared the eolntkin 
of the great problem of the variety or unity of our species; a question which 
seemed to possess no interest but for scientific curiosity, yet one which, for three 
years, North America has been seeking to decide in the fnrions conflicts of a 
more than civil war. The study of Mexican idioms was commenced, it is tnia, 
long since, but there is room for pursuing it on a wider scale. The ruins of 
Palenque cover mysteries comparable, perhaps, to those which tbe expeditim 
of Kgypt found on the banks of tbe Nile, and which, thanks to that expedition. 
Champolliou was finally enabled to penetrate. 

Tbe Mexico of Montesnma has almost wholly disappeared; the expedition 
will afford the means of its rediscovery. Perhaps onr explorers will bring to 
light some of those rare Mexican mannscripte or yvkaliquei which have escaped 
recurring devastations. They will certainly collect those orai traditions of 
which modem criticism so weU knows bow to avail itself. 

In 1855, M. de Saussure discovered, within a few leagues of Ferote, an entin 
dty of which, before him, no one had any knowledge. An American travalla-, 
passing directly from tbe sea to Mexico, by a route traced by himself, encoun- 
tered from eighteen to twenty considerable monuments, of which the memory 
was lost. The Mexican solitudes have similar surprises in reserve for onr 
SKvaats. It will be theirs to renovate this great and curious page of the world's 
annals, which centuries have efiaced, and onr generation, so arid of the noble 
emotions of history, will see a wider horizon opened for its contemplation. 

When our soldiitrs quit this country, leaving glorious memories behind them, 
our savants will complete the conquest of it for science. There is so looa to 



eCIEHTIFIO EXPEDITION TO MEXICO. 415 

donbt bnt that, by virtue of their UborB, certain branches of oar knowledge will 
be Btimolated and extended — others,. perhaps, created, and that new facts wiU 
produce new and frnittbl ideas which shall give to our compieh^isive stndies a 
eahitaty impalaB. 

In order to assnie to the scientific expedition of Mexico vwy ^arantee of 
sncceBs, I have the honor to propose that yonr Majesty will be pleased to con- 
stitnte, hj decree, a commission which shall bold its seBEionB at tne department 
cf pnblic instruction. Composed of men eminent in science and in the stale, or 
of savants who have alreadj' explored Central America, this commission will 
give to travellers the necessaiy instructions, will follow the progress of the ex- 
pedition, and will prepaid for the sdentdfic world the pablication of a work 
which will prove, I tmst, a monnment of the patronage iriiich yoar Majesty 
condescends so directly to accord to this noble enterprise. 

I flatter mys^ diat the public offices will cordially assodata themselves witii 
the designs of the Empwor ; and, consequently, I have also the honor of praying 
yonr Majesty to caoae to be laid for examination before the eonncil of state the 
onnight of a law for opening a credit of 200,000 irancs iu behalf of the ministry 
of poblic instmotiom in order to de&ay the expenses of the expedition. 
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A JOCRSEY TO THE TOrCA^V RCSSIAX AMERICA. 



I left Imn OB Oe 2d of Hmt IB s CBMK paUkd by a cMple flf bdtaB fce- 
loogiogfa) laj aaMMB. We tcSiawtA dteicedown tlie aoUe HcEoaift. Raring 
awfafle wjtli IndiaM vbercro' we net tbaa. and ii nwiiml thrae cm- f<mr daja ^ 
OKh of tlie foita afcte Uk note. On the lltb of Jnn^ 1 Ml the noe ia vUcfc 
■17 life had hitbttta been paaaed. and aaenA thekmeanalcrarirane. T^ea. 
hffverer, it waa pleasant enoo^ The iauauwe maatM cf ice piled on eacA 
ride of the rirer HiSdeiitlj cooled the atmocpbere to nake die trardiii^ ea- 
jojable. wbik the nm ibed upon m the cMofbft of l^fat neaHj- the vbole 
tventj-fonr bottn. And aa we adraoeed (nitber northward be did not leare ^ 
at ^i. FreqnetUlj did I see him deKribe a complete ctrrle in the bearena. 

Betwm Point Separatiofl and Pe«I> rtra- we met Kreral paitin of Eram- 
aiaax, all of wbofo, from their thieritb p ropenritiea, gare m a pcal deal tt 
' tronble, and ^aj g^ were we to escape ont of their bands witboDt loaa or in- 
J11T7. The^ are a fine-looking nee (^ people^ and from their Roeral babiia and 
appearance, I imapne them to be rnncb ntore intdligent than xbe Indiana. Aad 
if proof were wanting I think we have it in a giri who was brought np &(»n the 
coast little more than tbree jean ago, and who now epeaka and reads the Engtid 
language with coiiNderable acettne7. The men arc taU. active, and remarkably 
atroog. many of them haring a prafiuion of whisken and beard. The wtmen 
are rather ihort, bnt comparatively (air, and poaseaa very r^olar and by im 
means badly formed featorea. The females hare a rery sii^nlar practice of 
periodically cutting the hair from the oown of their hosband's head, (leavb^ a 
bare place like the tonmre of a Boman Catholic priest,) and &Btening the spoB 
to their own, wear it in btmehes on each side of their oce, and a third on ibe 
top of their head, eometbing in the manner of the JapanAe who recently risited 
the United States. This custom, as yon wiU imagine, by no means improred 
other their fignre or appearance, and as they advance in tiie. the handles most 
become to them nncomfortably large. A rery benevolent old lady was most 
argent for me to partake of a slice.of blnbber, bat I need hardly eay that a 
sense of tatU can^ me firmly bat respectfnlly to decline accepting her hoa- 
jritality. Both sexes are tnveterate smokers. Their pipes they manafaetnre 
tbemselyee, and are made principally of copper; in snape, the bowl is vny 
like a reel tised for cotton, aq|) the hole through the centre of it is as large as 
the apcrtnre of the pipe for holding the tobacco. This tbey fill, and when 
lighted will not allow a single whiff to escape, bat in the most ousmoker-Hke 
nanner swallow it all, withholding respiration ontil the pipe is finished. The 
efiect of this upon their nerroas system is extremely great, and often do they 
Ml on the ground completely exhausted, and for a few minutes tremble like an 
Wipen leaf. The heavy beards of the men, and the fair complexions of all, a»- 
t(4^>ed my lodians greatly, and in their snrprise called them "Manooli Gonde," 
ttkf white people. They wen all exceedingly well dressed in deer-skin clothing, 
wtth the hair oatside, which being new and nicely ornamented with white fnr, 
jaxv thtm a clean and very comfortable appearance. Their little Kyachs were 
!K-<iiWtiAiUy made, and all Uie men were well armed with deadly-looking knives, 
ptKtkr^ and arrows, all of their own manufacture. The TnVliniw are much afraid 
.^ febKXib snd ^ afraid of my safety were two different partiea that I saw on iny 
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way down tbat a man from each of them, who could Bpenk a little Eskimos 
volanteered to accompany me, without fee or reward, ana invaJnable did 1 find 
their aerrices. Poor fellows ! they will never see this ; bnt I cannot refrain from 
paying them here my tribute of gratitode and thanks. 

AbFeel'B river I met with a large number of LoocheniL IndianB. all of whom 
received me most kindly, and listened attentively to the glad tidings of salva- 
tion I brought unto them. As these are a part of the great family who reach 
to the Toucan and beyond, I need not dwell upon them here, as their habits 
will be included in a general description that I shall give of the whole by-and- 
hy. I may, however, remark that from their lunger associatioa with the whites 
many of iJie darker traits that belong to their brethren on the Youcan apply, 
if at all, in a much milder form to the Indians there and at Lapieae'a Honse. 

I left my canoe and Indians, as well as those who accomtanied me, at the 
fort, and taking two others who knew the way, walked over the Bocky mount- 
ains to Lapiene's Uonae. This part of the journey fatigued me exceedingly — not 
so much from the distance (which was only from 15 to 100 miles) ae from the 
badness of the walking, intense heat of the sun, and myriads of the most 
voracious mosquitos that I hare met with in the country. The former, I think, 
would justly defy competition. There were several rivers to ford, which {rom 
the melting snows and recent rains were just at their height. Fortunately they 
were neither very deep nor wide, or my size and strength would have been 
serious impedimenta to my gettiog over them. ' 

At Lap:ene'B House I was delighted to meet Mr. Jones, who was my com- 
panion on travel from Red river to Fort Simpson. He had come up in charge 
of the Youcan boat, and at once kindly granted me a passage down with him. 
I had fortunately a bundle of Canadian newspapers ^n my carpet-bas, some of 
them containing some speeches on educational subjects by his venerable grand* 
fhtlier, the bishop of Toronto. Five days of drifting and rowing down the 
rapid curront of the Porcupiae river brought us to its confluence with the Tou- 
can, on the banks of which, about three mites above the junction, the fort is 
placed. My friend Mr. Lockhart was in chaige, and all who know the kind- 
nesa of his heart need not to be told of the cordial reception tbat I met with 
from him. Another hearty grasp was from the enirgetic naturalist Mr. R. Ken- 
bicott, who, nuder the auspices of the Smithsonian Institution, came into the 
district with me, and passed the greater part of his firat winter at Fort Simpson. 
He delighted mo with the aSBUrance that he had met with a vast fieldi and that 
his efforts hod been crowned with much success, especially in the collection of 
eggs, many rare and some hitherto unknown ones having been obtained by 
him; so that the cause of science, in that department, wilt be greatly benefited 
by his labora. Among maor otfai>r9 I noticed the eggs and parent birds of the 
American widgeon, the black duck, canvas-back duck, spirit duck, (Bticephala 
abeola,) small black'head duck, fi^ii/iz a^mt,) the wax wing, [Ampe/u gar- 
rutu»,) the Keutacky warbler, the trumpeter swan, the duck>bawk, (Falea 
analum,) and two species of juncos. With the exception of the waxwiug, how- 
ever, there were few that hare not been obtained iu other parts of the district by 
the persevering zeal of Mr. Ross, the gentleman in chai^, and it, I have since 
learned, nested numerously in the vicinity of my out-station at Bear lake. 

On my arrival at the Toucan tbero were about 500 Indians present, alt of whom ' 
were astonished, but appeared glad, to see a miseionaiy among them. They 
are naturally a fierce, turbulent, and cruel race, approximating more nearly to the 
Plain tribes than to the quiet Chipewyans of the McKenaie volley. They com- , 
mence eomcwhcro about the 65th degroe of north latitude, and stretch westward 
from the McKenaie to Behring's straits. They were formerly very numerone, but 
wars amons themselves and with the Esquimaux have sadly diminished them. 
Tbey are, uowerer, still a strong and powerful people. They are dirided into 
many petty tribes, each having its own chief, as the Ta-tlit-Kntchin. (Peel's 
27 S 
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Birer Indian*,) Ta-Kuth-Kntdun. (LapieDe's Hmue Indiua.) "'"*-'■ n F-Ttrhia 



othen. Bat the genenl appeuuce, inU, ctutOBU. and habiu of all aic p«H» 
mncb the taiae, and all go under the general nvnea of Koichin i the peopkj ai^ 
Loocjienx, (iqiunten ) The fonner ia their own appellation, while the latter Kas 
giren to them bj the whitca. Theie ia, however, another diriuon imnBg tkeat 
of a more interesting and important character than that of the trifaea iost mm 
tioned. Irrespective of tribe, the; are divided into three daaaea, tenned, iripcri 
ivelj, Chit-sa, Nate-sa, and Tanges-at-sa — faintlv representing the aristoc^K^, 
the middle elaases, and the poorer orders of civilized nationa, the fonaer bei^g 
the most wealthy and the latter the poorest. In one respect, however, tfaej' 
greatly differ, it being the rule for a man not to marry in his own. hot to take « 
wife from either of the other classes. A Chit-sa gentleman will many a Twiges- 
at-sa peasant without the least feeli^ infra dig. The offspring in every caae 
belong to the cUm of the mother. This arrangement has had a moat b^^gfif^^' 
effect in allaying the deadly feodB fanuerlr ao frequent among them. I wit- 
nessed one this somrner, but it was far from being of a disastrous nature. Tbe 
veapous used were neither the native bow nor imported gun, but the vnxniy 
tODgne, and even it woe used in the least objectionable way. A chief, whose 
tribe was iu disgrace for a murder committ«d the summer before, met the chief 
of the tribe to which the victim belonged, and in the presence of all commenced 
a brilliant oration iu faror of him and bis people, while be feelingly deplored 
his own and his people's inferiority. At once, in the moat gallant way, the 
offended chief, in a speech equally warm, refuted the compliments so freely 
offered, and returned toem all, with interest, npon his antagonist. This lasted 
for an hour or two, when the offender, by a skilful piece of tactics, confessed 
himself so thoroughly beaten that he should never be able to open his lips again 
ID the presence of his generous conqueror. Harmony, of coarse, was the vu- 
evitabte reealt. 

The dress of all is pretty much the same. It consists of a tunic or ehiit 
reaching to the knees, and very mncb ornamented with beads, and Hyaqoa 
■hctlfl m>m the Golnmbia. The trousers nad shoes are attached, and oma- 
mentcd with beads and shells similar to the tunics. The dress of the womea is 
the same as that of the men, with the exception of the tnnic being round io- 
stead of pointed iu front. 

The bttds above mentioned constitute the Indian's wealth. They are etnug 
up in lengths, in yards and fathoms, and form a regnlar currency amoDg- 
tbem, a fathom being tbe standard, and equivalent to the "made b^ver" tJ 
the company. Some tribes, cBpecinlly the Kutch-a-Kutchin, are esseDtially 
traders, and, instead of hnutiqg themselves, they purchase their furs from dia- 
taut tribes, among whom they regularly make excursions. Of^n the medicine- 
meo and chiefs have more beoua than they can carry abroad with them, and 
when this happens tbe company's stores are converted into banking establiiili- 
ments, where the deposits are invested for safe keeping. The women are much 
fewer iu number and live a much shorter time than the men. The latter aris«a 
from their early marriages, harsh treatment they receive, and laborious work 
they have daily to perform, while the former is ciased, I fear, by the cruel acts 
of infanticide which to female children have been so sadly prevalent amoDg 
them. Praiseworlhy efforts have been made by the company's officers to prevent 
it, but the anguished and hardeaed mothers have replied that they did it to 
prevent the child from experiencing the hardships they endured. 

The -men much reminded me of Plain tribes, with their "birds and feathers, 
nose jewels of tin, and necklaces of brass," and plentiful supply of paint, which 
was almost the first time I hod seen it used iu the district. Instead of the nose 
jewels being of " tin" they were composed of the Hyaqua shells which gave 
tbe expression of the face a singular appearance. The women did not use 



JOUBNET TO THE TOUCAN, BDSSIAN AUEBICA. 419 

mach pflint, ita absence was atoned for by tatooing, wbicb appeared nnireTsal 
BiQo»g them. This eingnlar caetom seems to be one ot the most widely diffused 
practices of savage life; and was not nnknown among the ancients, as it, or 
smnethlng like it, seems to be forbidden to the Jews, "ye shall not print any 
marks npon yon," Lev. zix, 28. 

Polygamy, as in almost all other barharons nationa, is very prevalent among , 
them, and is often the source of mnch domestic nnhappincss among them. The 
New Zealander mnltiplies his wives for show, bnt the object of the Kutchin in 
to have a greater number of poor creatures whom he cab nse as bcoets of bur- 
den for hanling his wood, canyitiBr his meat, and performing the drudgery 
of his camp. They marry yonng, out no courtship precedes, nor does any 
ceremony attend tbe union. All that is requisite is the sanction of the mother 
of the girl, and often is it a matter of negotiation between her and the suitor 
when the girl is in her childhood. The father has no voice in the matter what- 
ever, nor any other of the girl's relatives. 

The tribes frequenting Feel's river bary their dead on stages, the corpse 
being securely enclosed in a rude coffin made of hollowed trees. About the 
Toucan they were formerly burnt, the ashes collected, placed in a bag, and sus- 
pended on the top of a painted pole. ' Nightly waitings follow for a time, when 
tbe nearest relative makes a fcaat, invites hia friends, and for a week or so the 
^ dead dance is performed, and a funeral dirge anng, after which all grief for 
" the deceased is ended. I witnessed their dance at the fort, and have been told 
by others that the dead song is full of wild and plainitive strains, far soperioi 
to the music of any other tribes in the country. 

Altars, or riteg of religfon, they had none, and before the traders went 
there, not even an idea of a Ood to be worshipped. Uedieine men they hadi 
m whose powers they placed implicit fkith; and whose aid they dearly pur- 
chased in seasons uf sickness or distress. They were, emphatically, a people 
■without God in the world." Knowing their prejudices, I commenced my 
labors among them with much fear and trembling; but earnestly looking to 
God for help and strength, and cannot doubt that both were granted. For, 
b^ore I left, the medicine men openly renounced their craft, polygamiata freely 
offered to give up their wives, murderers confessed their cnmes, and mothers 
told of deeds of infanticide that sickened one to hear. Then all earnestly 
sought for pardon and grace. Ohl it woe a goodly sight to see that vast num- 
ber, on bended knees, worshipping the God of their salvation, and learning 
daily to syllable the name of Jeans. Since my return I have read a glowing 
pictnre'of savage life, when left to its native woods and streams, and heartily 
as I feel that I could be a friend of bim who is, in truth, the friend of the 
aborigineB, yet sadly ^o I feel thnt between theory and fact there is often a 
Eaptng discrepancy. To draw a picture of savage life is one thing, to see " tbe 
Heathen in bis darkness" is another. To speak of the Indian roaming through 
bis native woods, now skimming over the glassy lake, or floating down tbe silent 
current, may be to show the poetry of his life; but there is the sterner chapter 
of reality to place over against it. From that chapter the above remarks have 
been gathered, tbey present the heathen as they are in thcms^ves. For twenty 
years have not yet elapsed since the white man planted his foot in the Yoncan 
valley, and since he has been there bis influence has been to improve, and not 
to contaminate. And if a testimony be valuable, more from tbo cause to which 
it is given than ttom the source whence it proceeds, moat heartily do I bear 
mice to the humane and considerate treatment that the Indiana of the Macken- 
zie river district receive from tbe officers of the company. In many instances 
that I could mention, the officer is more like the P^i^ent of a large family of 
adult children than what his poaitlon represents. The undoubted fact is, that 
the whole tendency of heathenism is to brutalize and debase, while it remans 
with civilization and the Gospel to elevate and to bless. ^ OooqIc 
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Should f on desire, I Bhall be happy next eeuon to give jtm a few of the 
Indum legends, aa wellse Bomeacconntof the geology and fanna of iny jootdct. 
The flora, I do not enfficieutly undenland to say anything abont. altliou^. 
from the great variety of plants that X saw, there miut have been many inter- 
eating to botoniBtfi. When at Red river, I read a paper by Mr. Barnaton. or 
the growth of the onion on the bonhii of the Forcapine river, and I have much 

{leaanre in being able to confinu kia slatemeati, that it is D4l tb» ivX aiaaa, 
at the chive that growa in snch abondaaee there. 
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KXPLOBATIOS lU UPPER CAIIFOSNIA IN 1860, 

inmut 
THE AUSPICES OF THE SMITHSONIAN INSTITUTION. 



Haviivo been requested hj the SmitbBoaian InstitntioD to make collections of 
birds, eggs, nest^, ftcin the Ticinity of Bhett nnd Klamath lakes, in the north- 
ern port of this State, I applied to Captain John AdamB, Ist United Statea 
dragoons, commaQdioe Fort Crook, California, for permission to visit the lakes, 
and was granted a fiirloagh of twenty days for this purpose, and was also Air- 
niahed with two pack animals to transport whatever collections I might eecnre. 
Oaptaia Adams not deeming it prndent for me to veittnre among the Indians 
entirely alone, and wishing to render all assistance in his power for the prose- 
CDtion of the object is view, allowed private Alexander Guise, company F, Ist 
dragoons, to accompany me. The following is the itinerary of onr joamey ; 

May 13. — Left this post «■ route for Klamath lake, via Yreka; camped at 
Bear creek ; distance, SO miles. 

May 14.—- After re -arranging onr traps, continued onr way along the Trekai. 
rood, which wo found exceedingly rough. Very few birds have at this early 
part of the season made their appearance; for, although a spring month, every- 
thing wears aa aspect of winter, and travelling through a thickly timbered: 
country and over rocky roads, one has not the same chance for observstion that 
a clear and more level conntir would afford. Of the birds seen to-day I oh- 
MTved Picut alhalarvatu*, Pieut Aorrmi, Silta acuUata, Sitla eanadcntitr. 
and Jiinco ortgomui bat Spyrapicnt loi/lianuoitii, which heretofore I have- 
found abnndant in this section of country, seemed to have wholly disappeared.. 
I did not see even one specimen. At the station-house on McCloud river I saw 
for the first time, in large numbers, the species marked No. 511, of which I 
collected several, but tost all, save one, when attacked by Indians. Camped afe 
Pilgrim's camp, on northwest branch of McCtoud river; distance 30 miles. 
After having ten the station-house about two or three miles behind, we suddenly 
Btnick a desert of about six miles in extent, entirely of sand, and not a particle 
of snow to be seen. This sudden change from deep snow to a barren sand 
level, from cold to heat, was very surprising. The aesert is between statioo- 
hfluse on McCloud river and Pilgrim's camp on the same stream, and althongb. 
a desert itself, has the appearance of an oasis in a snow desert. 

May 15. — Left Pilgrim's camp early, deeming it more advisable to travel for 
warmth than to remain shivering in camp. The winter in this section of the 
country being very severe, the ^rings are necessarily backward, and one will 
often find snow on this road in June; in fact, "Shasta butte," in our immediate 
vicinity, is covered with snow the whole year, presenting a very picturesque 
appeomnco. The height of tbe mountain is very great, and it can be seen a 
long distance off. To-day, saw lai^ numbers of the Canada jay, (Peritm-au 
canadentu.) I collected several, hot could save one only, (No. 508.) Gym- 
nokitta r.yanoctphtda, not noticed hr me at Fort Crook, Giilifomia, for the 
past yeor^were seen in numbers to-day. The country passed over was, with 
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Tcrj feir exceptionfl, a bairra wute. The Boil iota not admit of coltiviUkni to 
a BofficieDt extent to reps; (he laborer, with the exception o[ ■ few fertile Kpott 
en the road, etation-hoiue being one ; but the intense e(4d of a amgle winter 
wtrald indnce almoflt taiy one to ooelc a mora genial region. The mercury it 
Pilgrim's camp langea from 19" to 25°, and enow &11b to the depth of _^/Ut» 
jut. Distance trKvelled, 35 nulee; camp, Bheep Rock. 

Jfay 16. — From Sheep Rock to Trcka the coontry prbsenta a veiy nnpi» 
poBseMing appearance, and is fdmost entirely deetitttle of birds. The great shrike 
(Co>7yrto bortaiii) might be said to be nQmeroaa aboot the cedar boabea neai 
Bheep Bock. The only thing of iatercet I oboerred was the myriad* of locoM 
which iwarm this section of conntry, deetra^ing erery green thins;, even to the 
foliage of the tallest trees. The mountain topa appear alone to have escaped 
this plague. Their encroachment oa tlie gardttis of Yr^a compelled the ownen 
to find some means of protectit^ thdt produce, and I believe the foUowios de- 
scribed method has proved successfol:* A narrow board, eir inches wide,ii 
placed on the ground on its edge; another narrow board, having one edge 
guarded by a strip of tin tacked on so ae to project slightly beyond the edn ' 
IS nailed on at right an§^ee to the fint board, forming, as it were, a rectaagniur 
gutter. A succession of these gutters fastened together forms die " locust " or 
"cricket" fmce. The smooth surface presented by the tin causes the cridet 
to drop fM, and afker many fruitless efforts to " scale the fence," they abandon 
the project. I have spoken at length of the hahita of the crickets in my ap- 
pended "list of birds, &c" Arrived at Yreka early in the afternoon; dis- 
tance, 20 miles. Yreka is one of the principal mining towns of CalifMnik 
Having a letter of introduction to Judge Rosenborough, fbnoerly Indian aggnt. 
I presented myself to hini, hoping that ihiongb bis assistanco I might procure 
the services of some Indian guides. Judge R. endeavored to dissuade me Crom 
continuing m^ tour, and even warned me against the probable hosUlity of the 
Indians on Klamath river; but thinking that probably I might pnrchase peaei 
bv distributing afew trinkets among the Indiana, I provided myself with such toA 
cles as I thought they would fiincy, and detemuned to make the attempt at all 
events. Therefore after remaining in Yreka one day,.I was obliged to start lot 
the lakes without guides, and accompanied by Guise only. 

May 18.— Sfartod for Bogus mountains ; travelled all day; camping at night 
on Big Bogus creelc ; distance, 20 miles ; collected largely of birds and neats ; 
but as the species of the former differ from those already collected by me on 
Fall river, their names are unknown. The country around hero is well adapted 
to agricnltnial purposes, and a slight labor woold insure large produce. 

May 19. — Afler striking the Klamath river, I travelled on it for eight milcB 
until I came to Ilot Springs, where wo encamped. I learned, afterwards, from 
the Indians, that these springs are held in high estimation on account of their 
medicinol properties. Tho springe aro on both sides of the river, some of them 
so close to it that a person can stand on the bank and put a hand in each atfdw 
same time. It was within one mile of these springs that I first bad intimation 
of the hostility of the Indians, who, as soon ns they saw ua, made off to the 
mountains. After liaving been in camp some fuw minutes, I saw a smoke at no 
great d^buico from as, and upon approaching to ascertain its cause, found a ' 
raooheriEkwhich had but recently been abandoned and set on fire. This act, 
indicative of h<»tile intentions on iho p»rt of the Indians, caused me to change 
my course of traicel. 

May 20.— ftladeXdetour to northeast, crossing some very high and steep moon 
tains; found the "duBVy grouse" quite unmeroue, but could not find any noats. 
About noon, arriving ine%btof Butte Valley lake, I metatribe of Indians, headod 
by their chief, " Ike." We bad a long talk together, the result of which w« not 

■ This matliod Is more fuUy described with woodcute in the BmllhiDniiui report for 1860. 
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Mt nil fsTorable to the farther contlanance of my trip. " Ike" was ezceedinglj 
Inqnfaitive. and was as thorough in hta sarveillKnce as would hare been * cnstom- 
bmiae officer; he declined affording rne any aaeietftnce, and by poiating in the 
directiop whence we came, intimated that discretion on our eido would ho the 
better part of valor. Accordingly, I directed my course towards the south side 
of the valley, and came across some white cattle-herders. I endeavored to 
find Butte creek, marked on Lieutenant ■Wniiamson's map, but could not, though 
• I should have been in its immediate vicinity, I waa informed by the herders 
and some friendly Lil-lac Indians that no creek or fiver leaves uie valley, the 
Stream forming a lake and sinking. Distance to-day SO miles. 

The country passed over t»-day was well watered and timbered, and indicated 
fine agricnltnral capabilitieB. As the tide of emigration flows to this section of 
the country, so will it rise in wealth and importanr.e, and the only drawback at 
present is tbe presence of the hostile Indians. During a conversation held with 
the hcrdera above mentioned, I learned that the Indiana had recently killed sev* 
eral bead of cattle, and had manifested a desire to annoy the whites to such an 
extent that they would be obliged to leave the country. The Indians are very 
jealous, and consider ever^ emigration of whites into their country a« an encroach- 
ment upon their righta. 

May SI. — To-day I waa quite aneceeafnl hi collecting specimens, and as the 
fruit of my labor I can enumerate several varieties of water-fowl e^s, nesta. Sec, 
but I regret that our engagement with the Indiana (spoken of hereafter) de- 
prived me of most of them. The "brown curlew" (Numaiittt longiroitrit) wai 
very abnndant here ; but from the several collected, I have been able to preserve 
but one nest, containing three eggs. When found, all the nests contained four 
e^s, and as nicely arranged as if placed hy hand. Large nnmbera of " mnd 
bene," or coots, (jFWtca amerieana,) were seen; in fact, they were the most 
abundant bird breeding; they lay from nine to eleven eggs; some of them I 
saved; they build their nesta of tules, and select the edge of the tale course, 
and hy breaking them down and building on them, their nests have the appear- 
ance of floating Daaketa. The friendly Indiana, who are living with the hcrdersi 
promised toaseist me on the following day, and widi their aid I anticipated great 
Buccese. 

May 23. — The three Indians who yesterday promised me their assistance 
disappointed me, and assigned as a reason for refnsing to accompany me, that 
the Indians of Ike's band having recently stolen cattle from the whites, they 
feared a general fight. The herders also said that the Indians bad stolen sev- 
eral head of cattle, and that Ike's band were the perpetratora of the theft, nnd 
asked me if I woijd accompany tljem in visiting tne chief and talk with him; 
if they could exact a promise of gi d faith on bis part for the future, they were 
willing to overlook the past, and also make him some presents of cattle. Ac- 
cordingly we went to Ike's camp, stated our object, and expressed a deaire to 
live at peace with him, and endeavored to impress upon him the idea that he 
bad acted wrongly in stealing cattle; that such acts wonld exasperate the white 
men, who would come in great nnmlJera and kill hia whole tribe. Ike listeued 
very stoically, and replied that be had killed both men and carilc, and it was 
his intention to do so again ; he said the country belonged to the Indiana ; thAt 
the whites had no business there, and that he would drive th'jm off. Fiuding 
that we could not come to pacific terms 4rith Ike, we determined to return to the 
herders' camp, there to consult as to the course to be pursued, and I to prepare 
for the continuance of my trip; hut we had not gone more than three hundred 
yards when the Indiana fired on na ; they numbered thirty or forty, we but four, 
including one friendly Indian; we were obliged, therefore, to seek shelter in the 
timber ; but so hotly did they pursue us that «-e had but time to make good our 
retreat to a deserted cabin some six miles distant, which we barricaded aa best 
we could, and made "loop holes," through which to discharge our meees. XkV 
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fiMtifie^ wv ooold have witlwtood dte aanah of qiate * laip foroe; bat one of 
oar party, « young married man, k^d a wife ia a cabin mom two miles dbtant 
and aa Le was apprebeneiTe of ber eiSety, be deterwDed to go to her, which Iw 
■QCC^fded in doing, eMapiog the Ti^Tbooe of tbe lii£aaa. Oar cabin was it 
tackod Bereral times, but we beat off nor Knaibuite and took adTantage' of the 
cover of night to make gpod ow retreat to tbe cabin of the married mao, when 
I found my companion Oaiae. wbo had pvnded nt. 

Ma<f lis. — 1?o-dAy tbe three fiiotdly Indiua left n, bat were forced to 
return, as ibey were attacked by Ik^'s band. A >»<Bfa(CCiM9t of three while 
men bavin;; arrived, we detennined to leave ibe ddna and give the Indian 
battle, wbicb we did, and soeceeded in driving tbcm to the mountauw, with > 
lo«a on their part of their chief and seven! wanion. We captored some eighteen 
horses, two fioe rifles, saddles, &£. Oar party escaped unbanned, whtdi wm 
somewhat remarkable, as tbe ludiaiis Uijdy oDtnnmbeted ns, and -wen good 
mukimen. 

iMtrnlng from one of tbe meo who just jnioe^ ns tbat neariy all tbe troops 
at Fort Crook had be«n ordered to Carson valley, on ac«onat of Indian oat- 
brraki, I was desirous of raaebing home as soon as posnble ; and as soon ss I 
could pack what ft;w specimeus tbe Indians had not destroyed, and mako soiDO 
necessary preparatiaa for the road, I started, and arrived at Fort Crook, Ctti- 
fnrnta, on the 37th instant. Ky collecttons were sabseqaendy forwarded to the 
BmlthsoniaD Inatttatioa. 

from observation and infonnatioa received &om the Indians, I am convinced 
that a very iateresttag eoUection of nests and eggs of water-birds could be made 
thiin the Rbett and Kl'"^'** lakes. May and Jone being the most favorable 
month' for collecting. Uay, and first week or m of June, for water-fowls; 
laltt<r imrt of June for land-birds. Having visited the lakes at too early a season 
tbr tittuining nests and eggs of the moimtain, or land-birds, I was able to observe 
vtiry Utile as to their manner of constructing their nests. On tbe Klamath river 
I MW Immense nttmbers of long-winged swallows (the name unknown) boildine 
(k|i iho sliles of rocky clifis. ' Clark's crow and wild pigecniB were also engaged' 
in luiildliig Wit\t ; both of then are to be found in large nombere abont that part 
vi ihu tMiuntry; also, plover, snipe, and divers; but no nests could be found; yet 
\ aui liild they will build about the middle of June. 

StiTES UPON 80ME AXIUAU OBSEEVED DCEDfQ THE EXCURSION. 

MAMMALS. 

l.i[ih turiiiri' ^"g- — I saw diie little animal for the first Ume abont four miles 

)k>iitt<.tl' fKivt'lVJon, California, on a small plain, and met with it again in Batte 

V'uik V alloyi "1 'li^ south side, where they were quite numerous. It has the same 

S.,i'iw M tlm pwlrie dc^ found on ihe great western plains. The latter lives in 

VI.. .i.~ <*»...».• •aeociate together, several living in the same h(Jc- 

^ a signal, which can hardly be called a bark, bat a 

repeated by all, and then a general scampering for 

it which, and out of harm's way, they sit on their 

1 look about to reassure themselves of their perfect 

g their " zeck." Should they suspect danger, they 

and there remiun for abont ten minutes, until all is 

iring out, tbey resume their gambols 

had two kinds, and, in fact, the finest I ever saw; 

ilh glistening silver-gr^ fur, the other on Klamath 

vet-like appearance. Tbev were of tbe same eJ*e 

I of them I cangbt toward evening, when tbey 

These two motes and five prairie a<^ I lost in 
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Picu* albolarvatut, (white-headed woodpecter.) — ^Thia bird ie abundant in 
the high timber bettreea Fort Crook, GalUbmia, and Shaata Butte mountain. 
I saw it veiy aeldom about Inhabited places. It hunta, like all woodpeckers, 
in the bark of trees for insects, and generally in pairs, hj commencing almost 
on the foot of the tree, moving in spiral circles up on tho trunk, keeping from 
time lo time a shrilling note to tell its companions its whereabouts. Its flight 
is an up-and-down movement, like that of most woodpeckers. I never saw it 
in pursuit of flies or insects in the air, liko so many of its tribe. 

Piau hamtii, (Harris's woodpecker.) — This species, in its habits, ia closely 
allied to the first mentioned, except in not avoiding inhabited nlaces, as I have 
often seen it in search of food on the pillar of my porch ana adjoining fence. 
It will frequently be seen moving downwards on a tree, keeping the body in 
na upright position and moving sideways and downwards — the head always 
np, never down, in these movements. Ita notes are similar to, but sharper than, 
thoscofPtcnto^ManiafiM, which it also resembles in flight. It seldom ^ves a 
note while engaged in search af^r insects, bat generally, when leaving a tree, it 
repeats it until it has alighted on another place. It inhabits this country during the 
■ whole year, and cares very little about bod weather. I have seen it m rainy and 
snowy days, and late in the evening, hnaily engaged in the destruction of worms 
and insects. 

CoUyrie iorealit, (great shrike.) — This bird is generally to be seen on the 
borders of timber, about brush, where it will always select the highest dry 
branch. Very few are to be seen about Fort Crook, California, but in Shasta 
valley, about the cedar brush, near Sheep Bock, I fonnd it quite abundant, 
and pugnadons as jasnal— at war with the larger birds to keep tnem away from 
its hannts, and the smaller ones to kill them &r food. Birds and grassboppers 
ore its prey ; of both killing more than it can consume, and fastening the " sur- 
plus" to a thorn or brush, there leaving it to decay. Judging from the nnm- 
hei of crickets I saw transfixed to thorns, the sanguinary habits of this bird 
should be commended rather than condemned, as they prove nseful agents in 
clearing the country of one of its greatest plagues. 

Certhia Mexicana, (Mexican creeper.)— This bird is very abnndant in spring 
and fall about Fort Crook. I fonud it almost everywhere, and cannot say 
whether it prefers the vicinity of pine or of oak trees. Basy in its solitary 
movements, it would be seldom observed but for the freqnent utterance of its 
lonely three notes, the first sharper than the two following. Its color corre- 
sponds very much with that of the bark of the trees. I always saw this bird 
moving upwsrds, never head downwards, and going in spiral circles or straight 
lines up a tnjc ; instead of a kind of jumping, tike woodpeckers, their movement 
on a tree is a kind of running. The npproach of * man will not drive them off. 
I have often attempted to catch them with my hand. If accidentally seen by 
them, or if n shot be fired close by, it will often stop on the same spot for some 
time without giving a sign of life ; at other times it will turn on the trunk of a 
tree on the same side, close to the intruder ; but once started, its flight is quick. 
It is generally found in company with the titmouse and nuthatches. 

Silla acttleuta. (western nuthatch.) — This bird inhabits this part of conntir 
during the whole year, but is not so common or abnndant as might be expected. 
I often travelled in the forest for whole days without observing one. They 
genernlly move In pairs, and will be noticed from a long distance by their 
singular " quak, quale." It is amnsing to see this little bird, so full of life 
and activity, moving upwardaor downwards or sideways, on top or on the 
lower side of a limb ; in fact, taking every imaginable posidon to eeciue anCs 
and insects in or upon the scaly bark of trees. 
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Sitfa eanadauit, (red-bellied nuthatch.) — Th» bird reeemMeB In iU hmhia 
the Sitta aeuUata, always moving up or down la Bplml cinJee on the trunk of 
a tree, upon or on the lower eide of a limb, ia search of ants, ineecM. Jcc. fro- 
qnentl]' repeating its note " qnank," a good deal sharper than thu of Sitta 
aculeala, and keeping mostly m the dark, distant foreat. 1 often Ba,w it on dte 
point of a dead tree flapping the wings by turning in every direcdoD and 
making a whistling noise. I found this bird more cvnning than the preeediog 
epecies ; their quick movements and great care (o avoid the hunter's sight makei 
it often troublesome to thoot one. It inhabits thie port of cotmtrj duriog Ok 
whole year. 

Sitla pugmaa, (the pygmy nn thatch .)-^oe. 5, 22, 33, 34, 102, 199, 200, 
of my coUection forwards.) This bird is very abundant in this section «f 
conntry, and in color and habita almost like Sitla canademit. When I first 
observed it, I supposed it to be a yonng bird of the species just mentioned, bat 
by closer observation I soon fbnad it to be distinct. More than one pair of 
Sitta canadtHtit are seldom fonad tontber, whereas this species truvclA in 
flocks unmbering sometimes twenty ana more, accompanied by titmice, Cerlba 
mexieana, Sitta coMadenti*, and Sitta aeitleata, and instead of the note ■* quank 
quauk," it has a chattering whistle. It usoally searches for its food only on 
branches and limbs ; ieldom will it bo flcen moving on the trank of a tree. 
The pine nuts ate very doeely searched for their seeds ; when found, it alights 
on a limb, where, holding it with one foot, it hammere with the bill until it bw 
broken it in such parte as to enable it to eat its seed. If it shoold happen to 
one to drop such a seed, two or three will be seen diving after and catchii^ it 
before it can reach the gronnd ; another place will be found, and the hammer- 
ing ooromences afresh. The scene presented by observing a party of diece 
little birds all in a bustle and activity, engaged in breaking pine nuts, and to hear 
their chattering and hammering, is very interestmg, and reminds one of an 
immensB machme shop, where alt the mechanics are busily engaged at the 
Tarions divisions of their craft. 

This bird is not so much afraid of the approach of a man as Sitta Canadeiuit, 
and I have seen it almost every day on the trees about the post ; bat at breeding 
Bearon — June, July— it removes to the thick foreat. 

Fipilio chlarura, (Standing's finch.) — This bird generally inhabits fhonntaini 
barren of trees, and only covered with chaparral, always keeping dose to the 
sheltered thickets, where it searches among the dead leaves. &c., for its food. 
About Shasta butte, (nortlieast side,) they might be called abundant, but I 
never saw more than one pair together. Upon sJigbting on the top brancface of 
a buib it utters a short, sweet, and lively song ; if alarmed when so engaged, it 
dives into the bmsb and disappears from 'sight, and is then very difficult to 
shoot. 

JiMco oregoniu, (Oregon snow-bird ) — I found this bird to be vefy abundant 
throughout the whole of California. On my route to Rfaett lake, &c, I met 
with large flocks among the brush or underwood, searching on the ground 
among the dead leaves for their food, uttering a chirping noise. When alarmed 
they quickly take to the thickets or trees ; but if no furlher danger is appre- 
hended they come out again and continue their search. When undisturbed 
they are very familiar, sometimes coming almost close snough to the observer 
to be touched with the hand. 

XatUhocep/talut icterocephaliu, (yellow -headed blackbird,)— This bird arrives 
early in spring in this part of the country, where it remans until the breeding 
season, in June ; then it removes further north, where it selects the margins of 
the lakes or swampy valleys covered with tules, in which it builds its nest. 
This is placed about six inches above the water, and is formed like a basket, 
by twisting dry or swamp grass around several pieces of tnle nntil it has formed 
a nest. It generally lays four eggs. While the female ia setting, the malS) 
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partknluly in the morning and evening, doea hi* beat to pleaea his mate with 
hie aong. which much rwemblea the creaking of a gate in want of oil. Sitonld 
a havk appioacb their breeding place, the alarm ia given and handreds will be 
seen fluttering about the intiuder, less wilfa Inteation to fight than to auaoj hint 
with tlieir noise, which thej continue until ho has left. 

Several ueets sent on by me are of aoothor species of blackbirds, which breed 
on the ground in little btnahes or bonoh-graaB, bat I am ttot able to give their 
names. 

Pideorviu evltuHiia**t, (Clark's crow.)— This speoies I first observed about 
Fitt river, and on Stoneman's ridge, in veir small numbers, but on the moon- 
taine between Klamath river and Batl« Creek vollej' I met with them in 
abundance, flying from tree-top to tree-top, like a jay, emiUmg from time to 
time a note or cry resembling very much that of a crow, and aammeriDg on 
the bark of treea and on pine nuta, upon which it very probably feeds. It is a 
very shy bird and difficult to secure. On opeaing some of them, towards the 
end of may, I found quite large eggs formed in the fenale ; but I never saw a 
neat. 

Cyamttra lUlUri, (Steller's jay.)— This jay , the most cunning of its tribe, I 
met' with everywhere in the timber or brush along rivers or creeks. On the 
approach of any intruder it utters a vehement outcry, jumping from limb to 
limbi and from one teoB to the next, nntil out qf sight. In addition to this 
BiDglo note, this bird has the faculty of mimicking other species with great 
exoctnees. Jays, in general, are active, lively birds, but this speeiea is superior 
to oil others in California, foeding indifferently on die ground or on trees. 
During the summer season it keeps constantly in the forest, but heavy falls 
of BDOW compel it to seek food and shelter about the settlements, and then it ia 
easily caught in traps. When caged it soon becomes tamed, and eats fireely of 
meat in preference to a vegetable diet. 

QymMokUta cj/aitocephala, (Uoximilian's jay.) — The first time I saw this bird 
was at Fort Tejon, California. They generally fly in flockB, keeping on or 
along the monntaine, and, when so moving, their notes, which are almost pleoBing, 
are Trequently given forth so as to guide the stragglers ; but when in aearch of 
food they are perfectly quiet, and the start for a new flight is announced by 
commencing their notes ^ain. They generally fiy very nigh, and feed moetly 
on cedar-berries, but also search on the groand for food. It ia difficult to ap- 
proach and shoot them wherever they arei as they are always on the lookout; 
in tact, all that I killed were obtuned by secreting myself under a tree, dec, 
on a place where I had previously seen somo pass, those in the roar always 
following in the aame direction, guided by the notes of the party in advance. 

One &.y I observed a flock drinkjifg. The whole of them first alighted on a 
tree near the creek, and finding all quiet, about four of them took to the ground 
and satisfied their thirst. When these were done they returned to the tree; then 
nil the others followed their example. By thia arrangement some were on guard 
all the time. No sound or note was uttered until all had done, then the flight 
and noise recommenced. In the winter of 1858 I caught several of them; in &et 
two came of their own accord into my room and made themHelves quite at home, 
which astonished me very much, l^ecattse I hod found this bird to be very wild. 
The intense cold, however, and the covering up of their food by the snow, 
compelled them to take refuge about our quarters until the snow bivd gone from 
most of the conntrv. 

Peritoreut coModeHtU, fOanada jay.)^This bird I first saw in 1659, in small 
nnmltera, when on an luaian scout, about' Lossen's botte, hovering noiselessly 
about the road, catching fiiee by darting from one tree or bush to another. 
Their flight is light and easy. About Shasta butto (north and east side) I ■ 
found them in large numbers, up to twenty together, noiBeleaaly and busily 
engaged, and seaichiDg for insects on the ground. Here I shot and preserved 
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serenJ, bat conld ooij avn ow SMeinKn. Tikey ^pcnr to prete As nowy 
i^on, irell suited to tbetr kmg and downy fefttfaen, and I Devev mat onj gIm- 
VBere. ' Some of the jiy tnb« known to in« I saw engsgod in ibeir babit of 
Mitehing insectB io the itir. They diSra- from any odien of tb^ tribe tbat I 
erer met with. 

lt». 308 of m^ eoOeatiim, (not identified.)— -The first time I obeerTed this 
bird was at the ■tBtion-bonse en HoOlood's rirer, where it was ia larsi nan- 
ben. At firet Bight I thought they were croM-billa, owing to their mManflr nA 
whirtliog note, bnt by donr obBemdton foond the diArenee in eize and ctdor. 
The whittling Doiee of BO large a pitrty can be beard aeoBAiderable djatanee oC 
Their flight is swift, and when flying their winge make a surprimng noioe. I 
•at under a willow bnah in Bntte valley engaged in oleadng eggi, when I sad- 
d«nly heard a noise in the air as if serenil hawks were diving at their pray, aod 
before I had a chance of leaving my place to see where the noise came from, 
all the willows were covered with these birds, whistling and jnmpiag in » very 
lively and active muiner, and feeding on the willow bads. I had previonaly 
obtained two specimens only of this species, [shot at the station honse on Mo- 
, Cloud's river,) and here having so fine a chance for more, killed seven speefmois 
at one shot. All the others, with their nsnat noise, took flight to the moantams. 
On opening the females I found quite large eggs already formed. 

JVafnmiiM longiroxtru, (long-billed or brown curlew.) — This bird is seen at 
Fort Orook during the spring, bnt only while migrating north ; hut in Butte 
Tallcy, particularly the western portiou of it, whtcD is swampy, they appealed 
to be numerous, egge and neate being abnndaot The nests are bnilt of dry 
grass, placed in ahollow prevloasly mMe in the dry gronod. The nests nanally 
contain fonr eggs, nicely arranged, with the pointed end towards the centre. 
This bird makes a singular noise, something between the cooing of a dove and 
the whistle of a quail. When driven from the nest by the hnnling of the dog 
it displays great sagacity by leadbg the dog n circuitous path from the neat for 
some dietAuco and then suddenly flying off. At first it nops or .flutters along 
like a young bird, and just when the dog is about to pounce npon it, off it flies, 
uttering its note, cooi, cooi, sounding like a contraction of go away. 

Fulica amerieoMo, (mud-hen, or coot.) — This bird, common throughout this 
State, is pnrticnlary eo in Bntte lake, where there is no difficulty ia procaring 
immense qaantities of eggs and nests. I have myself seen a canoe-load of eggs 
collected in less than an hour's time. The nest of the bird is built on the water, 
and, as its construction is somewhat novel, I will endeavor to describe it at 
length. The tules bordering the waters are bent down, one towards another, so 
as to form a base or foundation ; then other tules are interwoven, adding strengdi 
to the structure, and the whole is finishbd off by an interiaeing of the same 
material. The whole, when finished, has the appearance of an inverted cone. 
The nests generally contain from nine to eleven eggs, and present the appear- 
ance of a floating basket. 

I>Mci* — I never paid mnch attention to the ducks, owing to the vast nomber 
found over the whole country. Daring my trip to the lakes many opportunities 

E resented themselves for becoming acquainted with their manners, habits of 
reeding, &c., bnt I was prevented from availing myself of them on account 
of the Indian difficulty spoken of in my letter. The most fiivorable season for 
collecting eggs and nests is tho end of May and first of June. Ducks gener- 
ally select high grass, or little brush, on the skirt of water, lakes, rivers. Sec 
The nest will be easily found after detecting the trail leading from the water. 
The duck never alights near the nest, but at some distance from it. in order to 
avoid notice; after alighting in the water it swims to a spot near the nest, and 
' then, walking through the grass always &om the same point, makee the tnil 
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Bpoken of. Sevenil egga and neeta have abetLdy been forwardod, but 1 urn na- 
able to class tbem, as the bird was not seen «□ the nett* 

Hummutg^irdi. — ^Tbis family ia wall repreunted abomt Yrdu and vioinily. 
I firand several nests, in all of whieh the eggs contobwd embryo*. The nesta 
I bad were of three kinds: those foaod on willow buebes (AttM* amnaj were 
lined with spider webs, those on oak trees (CaUolAanx taUiopeJ with small 
scales Af baric, and some fonad about Yreka on email boshes were coated on the 
Mitside with a eombioation of small leaves and scales of bark, bound together with 
Apidor webs. Of birds I only obtained two. The head and sack of one wen 
Of a very brilliant firfr«olor, (Atthi* anna.J the other Tes«nbling the Callotiorax 
eaitiope, bat wltb s longer bill; this latter one was abnodant about the -willow 
brash at Butte Creek, nuley. Both nests and birds I lost in the difficulty with 
tbe Indians. 



Grtuihoppert. — These insects were first seen by me in Pitt River valley 
dnring tbe snmmeroflSdS, and in sncb number as actually to cover the gronni. 
Tbey were confined to the west side of the river, which divides the valley, none 
being seen on tbe opposite side save a few, which, having fallen in^ the stream, 
were carried over. So numerous were they that vegetation was entirely destroyed 
throughout tbe valley on the west side of Pitt and Fall rivers. 

The e^a aro laid in July and Aagast. The insect deposits the egge W 
making perpendicular and oblique holes in the ground, to the depth of an incn, 
by means of its tail, which is shaped like a bayonet, and is hollow'. The e^e 
ore passed from the ovary into this tail, and are dropped one by one into the 
boles. The localities selected for making these nests, or holes, is generally on 
ground slightly undnlatiqg, the nature of tlie soil making little difference; the 
nesta are geuerally made on the south side of the hillock or knoll. Some sis 
eggs are laid in each nest. The e^s resemble, ia form, pieces of vermioelli of 
one-fourth of an inch in length, and m« of a milky-wbite color. AAer making 
some three or four nests, or holes, in tbe manner described, the insect dies, sel- 
dom living more than twelve hours after the last deposit. It appears to have 
DO particular food, but feeds upon all kinds of vegetation ; it will eat the dead 
and crippled of its own kind, but I never observed tbem destroy one another. 
When caught in the hand they bite, and emit a very disagreeable, dirty, dark- 
green fluid from the mouth, It is remarkably tenacious of life; I cut the head 
off one, and could distinctly see signs of animation some twelve houn after. 
There ia but little difference in sise between tbe seies. Immediately before 
uniting sexually, the insect without the tail (which I presume to be tbe male) 
utters a shrill, wbbtling sound, as if to call his mate. The sexnal act lasts 
about one or two minutes, and the peculiarity I observed at this union was, that 
the one which I presume to be the female was over tbe mole, instead of the 
reverse. After tbe act a small bog— evidently the ovary — is attached to tbe 
body of the female close to the tail ; this is extracted from the other withont 
tbe t^l ; after a while the bag disappears. The time which elapses between the 
sexual act and tbe deposit of tbe eggs I am unable to state, but after the ^ge 
are deposited it is my belief that they remain until the following spring before 
being natched. Their migratory flight extends but a few miles. When moving, 
tbey start in the morning, and, from their precision of movement, they appear 
like a vast army on parade. The course once marked out, tbey never deviate 
from it on account of any obstacle, but move straight forward over hoQses and 
all else. Clear and warm days are chosen for travel, but the too scorching rays 
of the sun will cause them to seek shelter, aa will also inclement weather; the 
cover usually selected is bnnch-grase or low brushwood, dec. 

*ThoBa identified belong to the red-bnasted teal, CQaerfiK^vta CfaiujHfM.)— S. F. B. 
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In chiufpiig the ekin the insect fastens itaelf on a tree or other object, head 
downward, and after ranch exertion crawls oat, head foremost, leaving, to ill 
appearance, its rer^ connterpart liehind; they now present themselves in a nut 
of light green, in exchange for the dark In^wn. The ontj efiectnal remedj 
against the ravage of this insect ia the " cricket-fence," and this stroctsre, 
8iim)le as it is, has proved the only harrier. 

The crickets were seen in munbers in the vicinity of Yreka, and as fa* on my 
ronte as Bogus monntain. Tbns it will appear that tho7 are not a nnivea*! 
plagne in this section of country, bat visit certain localities only. From wLst 
I could learn from the Indians, the cricket makes its appearance every three 
years, and I was also informed by the Indians that Shasta valley is knowQ u 
" Gricket valley j" hence it would seem that Shasta valley is their range. 

[The intrepid explorer whose notes we have here published, and to whom the 
Smithsonian Institution is indebted for a large nnmber of valuable specimens of 
natural history, fell a victim to the treachery of the Indians. The details (rf 
his fate are given in the following report of General Sully, on whose staff ht 
served as engineer : 

" On the S8tb Jane, 1864, we reached the Little Shyenne. Captain Fedna, 
'1st United States cavalry, with two detailed men, proceeded ahead of the 
column to the creek of the Litlle Shyenne, and reached it at the same time i 
party of my friendly Indians and half-breeds did, but aboat bulf a mile beta« 
where tbey were, and hidden from their view. The column had not yet arrived, 
and as it had been raining hard the night before there was no duet visible. A 
small war party of Minnesota Sioux were camping in a thick cluster of bnidi 
and trees where the captain dismounted, and while he was in the act of getting 
some water, three Indians fired abnnt six yards from him. Two of the shots 
took efibct, and the captain died in great agony about two hoars afterwards. I 
am thas deprived of my engineer officer, and the country of the services of one 
of its most valuable and efficient officers. He had for many years Bervt<d in 
the 1st United States cavalry — formerly Ist dragoons— as a non-com missioned 
officer, had been in a great many battles, and it is sad that he should lose bis 
life in this way. It was all owing to his enthusiastic desire to collect as many 
specimens as possible for the Smithsonian Institution. I had cautioned him 
several times about the risk he ran in going so far from the command, and cm 
the night previous to the day of his death I sent for him to my tent to talk to 
him on the subject, and I ofered htm a party of my scouts to protect him, as I 
was desirous that he should do all he could to forward the scientific researches 
that be was soot here to attend to ; be promised me to accept them, but did noi 
do so." J. H.] 
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THE AUSPICES OF THE SMITHSONIAS UfSTITOTIOS. 



BY P. K. HOV, H. D. 



April 4, 1854. — Left Racine, 'WlBcoiiBin, on the Bteamor Traveller. The day 
was fine, with a gentle breeze from the north. Aa the boat glided on, la^e 
Dumbers of herring galls, Lants argentatut, followed in her wake, picking up, 
with clamorouB cries, whatever would serve their glnttonoas appetitefi. I no- 
ticed one ring-billed gull, Larut zonorkynchui, e. leseer, more active, aod grace- 
ful Bpeciea. Saw a scoter duck, Fuligttia americana ; this marine species is 
occasionally met on Lake Michigan during winter and early spring. 

Stb. — Stayed in Chicago last night. In the forenoon we had a pleasant ride 
ou the Galena railroad to Rockford, un Rock river. The train passed close by a 
flock of wild geese, which npprared more snrprised than frightened, arranged 
soldier-tike in a long line. Th ey s ilently gazed with upstretched necks, look- 
ing as if thoy would demand " What next 1" From Rockford we went, in the 
afternoon, by private conveyance, to the residence of Hon. S> Ragles, near 
Grand de Tour. 

7th. — Rigged out our " traps " and went on a fishing excnrsion to Pino 
creek, a small rocky mill-streiim that empties its waters into Rock river. 
Caught a number of fish, some of which were new to me ; captnred a garter 
snake, Eutania lirtalU. My son met with a hog-nose snake, Heterodon pla- 
lyrhinos, but did not sncceed in capturing it ; the harmless serpent succeeded, 
by hisses and threatening attitudes, in intimidating the boy. 

8lh. — ^Went on Rock river to-day; caught several species offish and a rnun- 
ber of batrachiana ; nothing, however, new. The Hylode* gryllut is an 
abundant species here, keeping ap almost a continual clicking rattle, which may 
be readily imitated by striking together two small pebbles, commencing slowly 
and increasing to a rapid chatter. I amused myself by " starting the tune," in 
which these diminutive Castanet performers did not fail to join right merrily. 
Shot a coot, (Ftdiea,) a marbled godwit, Limoiafedoa, and several field spar- 
rows, Spizella ptuiUa. Saw large numbers of geese and ducks. My son col- 
lected a fine lot of shells ; some of the unios were most beautiful and perfect. 

9\h.— ^hot many ducks, a swamp sparrow, and a grass finch. I saw a large 
number^— I should jadge not less tbanahundred— painted tortoises, ^tn^f ^tcfa, 
dead on the margin of a mill-pond, where they had been left by the melting of 
ice and frozen mud which had been dislodged and driven on shore by the spring 
fi'eshet. A part of the pond was shallow and bad frozen during the past nnn- 
sually severe winter to the bottom, including a considerable stratum of mnd in 
which the tortoises had crept to hibernate. Can any reptile bo revivified after 
being thoroughly frozen 7 It is well known that fish wiU survive freezing, but 
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judging from serenl ezperimenta nude od Mrpente, I am led to BOBsider i%p- 
tilca too highly organized to recover after being completely rangeaUd. Ib bo 
■iDgfe ioatance have I succeeded in reBtoriug enakee to life that had be«n pec- 
fectty frozen. Under these putrefjing tortoiiee 1 foand nombera of beeUec, 
Ouxoploma marginaia. Saw, to day, the first Sgloiceia eormala. 

11th. — Had a pleasant drive of thirty miles over a most beauttfol prairie 
country to the " Junction," ia La Salle coonty. Saw geeae, dnclu, sand-liUl 
cranes, and golden plover in abandance. 

ISth. — Leh the J miction at half past three in tlie momiBg. and in fourtMa 
hovirs we were in St. Louie, distance 217 miles. At the Jnnciion there w»a 
but little evidence of spring, v^etation having scarcely started, bnt, u we ap- 
proached Springfield, the iofloence of a more southern climate was etriliiagly 
apparent, for the red-bud — CervU ca n adauit — and peach tree were m bloaaom ; 
and at St. Louis the pears, cherries, and plums are in full bto«m. Such a 
change on the now smiling face of natore, since morning, is more like magic 
than reality. I noticed in a barber-shop window a black-dellitdJoiB ttpturel, 
'lost such as we find in the vicinity of Uaeine ; oa inquiring I leuned that it 

kd been obtained up the Wisconsin river. 

13th. — Left St. Louie in the eveuing on tlie packet Honduras. 

14th — Making four miles as hour, including detentions od sand-ban. I saw 
this morning a number of cormorants; they must seldom be met any great dia- 
tance from Uie month of the Uiseouri riror, for we saw none above this. Saw 
a duck bawk fiy to her eyrie in the face of an tnaccesaible cliff with a duck in 
her claws on which to feast her young. 

15th. — We find ourselves, this morning, only ninety milea from Bl Looia, 
Turkey vultures are nesting in the cliffs all along the river. The crows follow 
the steaml)oals for the purpose of picking up whatever is acceptable to their 
omnivorous craws, just like the gulls on the lakes. No galla on the Kissouri 
river. 

I6tU. — Arrived at the residence of E. Elliott, esq., on the river, tea milea 
below Booneviile, in Cooper county, where we propose spending a week. 

17th. — Made a preliminary excureiou to-day. The aurface of the countrr 
here is much broken; soil od the bills good for wheat and most other small 
grain ; com and hemp raised prindpally on the river bottom. The timber 
growing OB the hills ia composed of variooa species of oak and hickory inter- . 
speraea with sassafras of au nnosnaJly large growth ; on the hotlom land*, of 
Cottonwood, sycaoiore, maple, elm, hackberry,( Celti*,) honey-locust,(C^n2il«cAM,) 
coffee-bean, {Gymnocladut;) oa the kiil-iidet, of mulberry and redbnd matted 
toeetber and overrun with grapevines. I was much larprlsed to find euch fine 
old fruit orcUsrds as we aaw here. The trees are romarkably vigorous and 
healthy, five from the attacks of insecta. One pear tree, 35 years old, on tbe 
"Elliot farm," produced the last season 45 bushels of excellent fruit Peachet 
seldom or never fail to yield an abundant crop. Apples are now plenty at 3S 
cents per bushel, delivered ; and better fiavored, fairer, and more perfect fruit J 
never saw at this season of the year. Grapee do well with but little cuItivA- 
tion. All things considered, the hilly conutry borderiag on the Missouri ia 
one of the heal fritit regknu to be found anywhero. Bot few migratory birds 
have yet arrived, while vegetation ia as forward as it is in Wuconsiu on the 
IStb of May, but tbe crested tits and cardinal birds by their meny whistle do 
what they can to corapenaate for the deficiency of singing birds. Shot several 
MuinvU ; the gray tquirrel here ia DO doubt distinct from the Wisconsin epe< 
eiM i the /oz tquirrel (oaad hero appears diffrreut likewise. The want of uu- 
wying cliaractcristica by which closely allied species of Scturida may be dia- 
tiajfuishud is to be lamented ; for ufter all that lias been done by Uachmao and 
Mbrts in this deportment, it must be admitted that there ia yet much coDfosioo 
^«1 wac«itaiDty ; we look with hope to the eztenuve coUectiona Leiug mode by 
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ihfl Smtthflonkn Inititation for iaflt«rialH that will settle fl&tufactorilT tbie per- 
plexing mntter. i/Ly eon captured a namber of ineecta, among wbifth were 
several Papilio ajax ; tbis species is nnmerons here, the papaw on which the 
IsrvB feed being nbnndant. 

18th. — Rigged ont a t«am and went on a small branch of the Petite Saline 
to fish. After following the stream three or foor miles and wading a good deal 
in the diugreeable maddj water, we had to retam without even seeing a aina-le 
fish ; a SORT commencemeot in Missouri. We saw an abundance of the fol- 
lowing Bpectee of &<^; Ranapipetu, B-foiUinaiit, R. paluttru, R. halecina, 
R. lyleatica, and HylodtM gryllut. Shot a Canada gooae and a number of 
small birds. White-fronted and Oanada geese are here remarkably abundant ; 
they remain all winter and do much damage to the fall grain ; one field that 
we aaw, containing twenty acras of wheat, waa qaite rained. 

19tb. — Went to Booneville; on the way we fisned in a small brook asd cangfat 
serenU interesting little fish — among tbem one beantifal species of EtktMlvma, 
marked with bright bine and red bcmdi. 

2Iat. — Went on the river bottom ; got one ^arra£ee2 and a fine little sturgeon ; 
caogbt a garter snake, which had a row of red spots on the side of the neck, 
betweei^ the scales, aiieh as I never saw before. In the afternoon we visited 
" Baflit't Branch," a small tributary of the Little Saline ; water muddy and 
brackish; caught but few fish; among them, however, were two species of 
Pamoti* that probably will prove new. Wild turkeys plenty; came near getting 
a shot at a fine old gobbler. I obtfuned to-day a ScotophU alUghanitittU, 11 
inches in length, the largest I ever saw ; it was shot while basking in the top of 
a large oak, some $0 feet from the ground ; there were two in company, appa- 
rently of eqaal eise ; the other escaped by crawling in a hole that was in the tree. 

2Sd. — A black boy brought me a living Alleghany black snake, whicb we 
released near the root of a tree. The serpent, seeing that it was surrounded, 
commenced ascending the trunk, bat before it got out of reach I pnlled it down 
az)d removed it some lH feet, when I again let it go ; the snake finding itself at 
liberty, elevated its head and took a survey of the enemy's position ; retreat be- 
ing cat off by the crowd of spectators, it started at fhll speed for the tree, as- 
cended to the first horizontal Dranch, on whicb it ran out to the extremity, then 
elevating its body succeeded in reaching the next bmnch above, and so on until 
It had ascended over the small outer bisncfaes to the top. The ease and rapidity 
with which this snake climbed the tree proved that such a feat waa nothing nn- 
Uflual. In this instance the snake evidently took to the tree for the purpose of 
escape. This species (Scoiopkii allegha*irnnf) is common among the bluffs 
along the Missoori river, in the timber only, while the blue racer (Bateaniiut 
eomtrictvr) was repeatedly found on the prairies a conatderable distance from 
any timber ; hence we infer that the latter is leas strictly arboreal in its habits 
than the Seott^hit aUegh»Kieiuu. I obtained here a most beantifal and nn- 
nsually colored specimen of CdtUa amana (1); — also specimens of LeptopAu 
attivH*. Mr. Judsoc eanght for me, a few days after we leil here, an Elapt 
JiUfmt, (perhaps E. tnenu.) Is not this the most northern locality in which 
this beantifnl sontbera serpent has been discovered ? Shot a Vermivora penn- 
at/loaniea and V. loUtaria. A few o( the advance parties of Syloieolinai begin 
to make their appearance. 

SSth.— Early Miis morning we went on board the Michigan, a splendid large 
"lower river boat," bound for Lexington, distance 135 miles, where we expect 
to arrive to-raorrow noon. ^ 

27th, — We have been three days on the boat and only 75 miles on our way; 
river low ; steamer too lazge ; said to be the largest that ever asoended the His- 
Bouii; and, judging from the vexatioiis detentions on sand-bars, is likdy to re- 
main the lu^est. 

28tfa. — Made eigbtven miles to-day. <>re4t numbers of geeae oa/thaulands. 
28 8 ' "■ ■ O 
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^ hMt «*d beio); " iitftiWKii " »<r«T lb« bar ; foand a deu snake, nbont fo«r 
frrt inhait^ sMctt m I umvw mw b«ja>«; color aboT«, gfwsuh olive ; beneath. 
i^jhJMih Wloar : iioU«a ou tk« MdM saiooth; tho»e ob Uw back elighilj cari- 
■awd. i ngrM Lhai ;)» kaad waa ao braised and lacerated as to pieclnde aa 



3ihh.— ItiMKlMtl iMumigiam in the aAemooo. gUd eooi^; drove directly to 
tb« NMdeitct! ut' my btwtaer. J. D. Hoy, esq., who has been for maaj yean a 
Nfidt^t ut' Xiuoitrk li« is to accompany ns in all onr ezcaniwu in Hiaooori 



Miiy Im.— ]feu4y da^ ; oecnpied in looking over the speeimena firom Cooper 
eewatv. 

3d.— ll'ishud Kt-d»y in a smiUI " branch" near the town ; cai^ht only a few 
Msh. Wadtiws are not yet abundant; mostly moleo; the females have notyvt 

OOOMt. 

,>ih. — ]>oT«lSmQeBtotheTBbo,amiBerabIe>mnddy. alnggish. fever and ainw 
kiiviuib iSttekMa, catfish, shovel fiehi and gars are about the only ipeciee uat 
■MM Uv« in Boeh villanoiu water. My son shot a fine male Vtrmuoord proti»- 



Ttk— Skot a monming finch, ZonotrKkia quenda. lincoln's finch is a com- 
atiMi species here. 

^.— Started for Utica ; had to retnm, as the wind was too high for the 
fMrv-boal to venture. 

I'Olk.— This morning we were enabled to cross ; had a chansing drive of 40 
wilM ovw one of the most besutifal conntries I ever saw, mostly high rollii^ 
ynuvw In a state of nature; much of this rich land still remains subject toentijr 
al government price. The black- throated bunting is almost the only bird that 
iiHhthiW these prairies. Had a spirited chase aiier a bine racer, which finallj 
WmmW good its escape by crawling into a "gopher mound." Night overtook oa 
Wow T«aobing Urica. We accepted an invitation to remain until morning with 
i\iioui>l Gregory, a gentleman of wealth, formerly from North Carolina. 

lllh, — ^t an early boor we arrived at Uticai a small thriving village pleasantly 
•itwiied near the forks of North Grand river, in Livingston county, directly on 
tk« tine of Hannibal and St. Joseph rulroad, now in course of construction. 

titlh.— .Fished with the minnow net in Grand river below the mill ; caoght 
ftvat numbers of interesting specimens. Shot a Nerodia tramivena, a rara 
^iM'KM of water^nske, heretofiire only found in Arkansas ; it was basking oa 
•Mao drift-wood when it was discovered by one of the ladies of our party, who 
«<«« wuuderfuUy frightened, while I was greatly delighted. Such is edueatioa 
tkt><l au object of fear, and even disgust, may be converted into a eoorce of 
sM^hl, oapable of exciting pleasurable and profitable reflections, thereby open- 
tk^ MfW loiireei of ratitmai tHJoyneiU, one of the highest aims of edncatiou. 

\ titt.^Jrossed the river and drove to Ohillioothe. Shot many birds, among 
(^vM a mouratng finch ; there were 15 or 20 in company, but it being near night 
^ ■Mtiy obtained a single specimen. The warblere are now here in their greatest 
wiuubvN ] It is remarkable that there is so little diffoieoce in the first appear- 
W»vN> '^ utlgratory birds here and at Racine, Wiscoasin-^certaiuly not more than 
^vv \tay* *^ most, while vegetation here is not leas than three weeks in advance 
M K'VMHa. Uade arrangements to have a large seine drawn in the river to-mor- 

t vX.- -^lUlned alt last night, which puts an end to our fishing here ; this I 
' <t >sgiet. for there are several species of fish I am exceedingly anxioua to 

, iMfi'clally one species of *a/»io (?) called here talnom trotu, a short- 

vxU i*i^ IMd the padde fish, which are represented as being abundaaL Grand 
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rinr ii Uie Ant atreun wa have eoen in MisMiui that is tolenibl/ n-cU anpplied 
with fiah. A lad canght oa a hook to-day a catfish weighing 136 pounds. 
Skinned a fine old gobbleor afaot hj a fUend ; wild tnrkeya ore plenty ia, the 
vicinity. 

16th. — Went on the extensive "bottoms" of G-nnd river, so celebrated for 
rich land and heavy timber ; we found tbu principal forest trees to be black wal- 
nut, burr oak, cottonwood, sycamore, backbern^, shagbark hickory, pecan, 
ca£foe bean, honey locost, and black birch, all of which grow to an unuBually 
Ui^ size. We measured the tnink of a pecan, Cart/a idivaformit, thitt was 
13 feet in circnmference, and hold this size for at least 50 feet. Parrakeete are 
abundant about th« large aycamorea, Platanus oecideittalu, in the hollows of 
' which they roost and nest. Here we found the home of the THc/uia phUadd- 
phia, a locally where this bird ia common ; they frequent localities covered 
with dense nniierbrush OTerrun with climbing roses and boneysnckles Here, 
too, in the same localities, is found the Kentucki/ warbler in great abundance ; I 
spent considerable time watching these active, restless little songsters, and I 
most confess my snrpi^e that any naturalist who bad an opportunity of observ- 
ing the bekarior of these birds, especially daring their nuptial season, should 
hesitate a moment in placing them among the ground warbler*. They live and 
nest in the underbrush, the male occasionally hopping upon a low bnnch of a 
tree to pour f«rth his wAiiteshei, whUte»hee, repeated two or three times, then 
again disappearing in the tangled brush. This song is so precisely liko that of 
. the yellow-throat that it requires a practiced ear to distinguish the one from the 
other. I listened to the song of the Tric/uu Philadelphia, T. mari/l^iuiiai, and 
T.Jbrmosa, at the same time, and found them wonderfollT alike ; the song of the 
T. Philadelphia diff-^ring more than the Kentucky warbler's from that of the 
Maiyland yellow-throat, ihe color, the rounded tail, destitute of the white 
marking constantly found on the lateral feathers of the true sylvicolas, the 
fle8h.co]ored feet and legs, all combine to establish the EentMcky warbler in the 
genua Triehai. Specimens of VemUvora tolitaria are common here ; they keep 
muoh on the tops of trees ; their song, zei-z-z—zee, resembles closely that of 
the Vermivora ehrytoptera. 

17th. — Went hunting lalamanden ; turned over a " world" of old logs, but 
found none. Is it not strange that we did not find a single specimen of this 
animal in all our travels, notwithstanding we hunted diligently in every favora- 
ble locality! Shot two woodchncks, Aretomyt moitax, as they were mnning full 
diase through the woods. There is here a " gray prairie squirrel," SpO'tnophiltu ; 
we did not obtain a* specimen. 

18th. — Started on our return to Lexington ; drove 29 miles, and put up with 
the Rev. Ur. Orover, an intelligent, energetic "planter." Ho gave me much 
information respecting the habits of the "gopher," Geomyi, which are greatly 
abundant hero. On the prairie we passed at no great distance from a pair of 
eiauee, (}nt» eanadenni. Hy brother waved bis hat and shontod to them two 
01 three times, when the male bird commenced, by bowing and hopping in a 
htdicrouB manner, — a series of amusing antics, interlnded with brief samples of 
vocal powert that made ample compensation in tireMgth for any lack of melody. 

19th. — Bnrly this morning, in company with the Bev. Mr. Grorer, went a 
short distance on the prairies to kill "gopher," but were disappointed in not 
getrii^ a shot. Arrived at Lexington in the aAernoon; we halted on the road 
to piM ripe wild strawberries. 

84th.— Went six miles above Lexington to fish in the Sny ; caught but little. 
A person accustomed to the beautiful clear streams of Wisconsin, literally filled 
with fish, experiences groat disappointment in visiting the muddy saline streams 
of Missouri. We got a fine old "timber rattlesnake," Gvtaltu dtiriinu. If I 
mistake not, it is generally believed this snake will not take food while in captivity. 
Ur. S. Sercomb, at Ma^son, Wisconsin, hAs sooeeeded in feeding his "pet rat- 
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tleaookes" with living birdi, which they kill and Bwsllsw rekdily ; ^oj wfl 
not touch froga, or even deitd hirda. 

2Sth. — This AfteTDOon J D. Hoy, my ion, und I started ins two-hone carriage 
to risit the head'Watera of the OMgc rirer. Drovi; twelre milos tbrongh a wdl 
ctiltivated rich hemp-growing section, and pnt np with William Hooks, a whole- 
sonled MiBSoarian, A^ut aaS keart open. Caaght two raro litde frogs. 

2Rth. — Travelled to^y throngh the min ; luckily it cleared away jost long 
enough Tor as to get a good view of tbn great eclipse. Near Obapel HiQ, in 
a dense thicket of thorns, I first henrd that charming little Bongster Vireo belliL 
1 had much di£Scalty in procariog specimens, for the rea tlew little birda k^ 
flitting from one point to another conCtnnalty, all the white war&ting forth Uiat 
agreeable Bong. From this point south we heard this bird repeatedly. Pat sp 
dnring thp night at Pleasant Hill, Jackson county. 

S7th. — Thia morning we went four mites to witness the drawing of a seitte in 
the north fork of Grand river. Obtained sevmal interesting fish, nnd a 6ne lot 
of terrapins, embracing six species. Here We saw thn rose bog, Md'Jontia m6' 
tpinota, in immeuae numbers, the willows being literally stripped of everything 
green by these peats of the agriculturist In the aft^oou we drove directly 
south over the prairie ; stopped on Elm creek to fish. While engaged in tbii 
stream a nnmber of onr terrapins took to their legs and made good th^ir escape ; 
to our sorrow three of the species left do representatives to be forwarded to tk« 
Smithsonian Instttntion. Here we caught a species of Aitaeiu different from nay 
I ever before saw. Pnt up at Dr. Haxwell's, three miles north of HarrisonvtUe. 
OasB county, (formerly Van Buren connty;) in the evening I shot a VtrperHlio 
nODehoracenti*. 

S8lh — Remained with the doctor. I can|^t a straw-colored enake anknown 
to me. We learned here that there are two species of "prairie tqmirrd^' in- 
habiting the prairies in the vicinity— one gray, the other red, called " prairie im 
squirriT;" we did not get specimens. 

S9tb. — Rain, rain— continnal rain I We held a conttcil of war, and decided 
that the water in the streams was so high that it would be impossible for ns to 
proceed on onr contemplated route to the Little Osage, then down, via Oaceols 
and Warsaw, to VcraaiUes. Being thus headed off, we concluded to strike south- 
west into Kansas. We crossed th- main Grand river at a mill, where I waa tcM 
bats inhabited thn old frame. After a deal of punching about tha aisles of the 
braces, I dislodged on old acqnaintanc&~ VeiprrtUio mMaUu. There !b a larger 
species Inhabiting the woods here, with "prodigiously long mrv," called nude 
bat. This is thu most northern point I heard of them. They are abundant 
about Osceola, 8t.0lair connty. Prom this we drove for twenty-five miles over 
a delightful prairie, covered with beantiM wild flowen, amoi^ which the gay- 
colored P^/OT^/ir&mmtrm was particularly conspicuous. We drove by if treefMM*. 
regardless of roads. I was many times apprehensive wo shoskl get into tronbie ; 
but my brother's practiced nye never failed to pilot ns to the desired point. We 
reached the reeidenco of Mr. Clymer, near the State line, late in the afteraooo. 

30th. — Drove directly west six miles into Kansas, until we came to Sng«r 
river, a branch of the Slarie des Cygne. The land on this beantii'al streain m 
of a superior qnality, and the fine sngar-miipl'^ groves gave a homelike appear- 
ance to thu landscape. We caught a number of fish, notwithataodiug the ntnTm 
was rather large and flashed by the recent rains for onr small nets to do good 
service. Wc wero told this stream was celebrated for the large eumtier of fine 
fish its waters afford. Turkeys and deer were abundant. We ate onr Inncfa 
under the ample shade of a sngar maple, cheered by the song of a mocking bird 
and a Vireo bellii. From Sngar river we drove dvectly north, on the old mOitary 
trail, which leads over a well-watered, rich section of conntiy. On the way I 
MW the only prairie reed-bird (Dofiehonyx bicohr) I ever met I followed it, in 
Ml ehaso, nnder a hot snn, at least two milee before I ijiot it Altkoogh greatly 
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ttiigaei, I was well wtiBfied at mj final BncoesB in obtaining the mach^coTeted 
bird. Arrived in the evening at Poge'a, on the line, thirty miles from Glymer'fr-~ 
the first house we have seen since morning. We saw in several places flfhere 
the prairie wolvea had recently been digging burrows in the gopher momids. 
At the time, I supposed they were after the gopher, but was informed by our 
boat that they were di§^Qg these burrows for the purpose of concealing their 
wbelpa. Akw days since there were two badgers caught in this neighbofbood. 

Slst^-Heary rain all night, accompanied with much lightning and thunder. 
The storm made onr otherwise nncomfortable quartern still more unpleasant. 
Cranes are oily found here during fall and eajly spring, when vast flocks fre- 
quently visit this locality. Poge told us he shot two that differed much from 
me common species, the head being covered entirely with foatfacra, instead at 
the bare red akin always found on the common species. One of these was so 
slightly wounded that they kept it alive for some time. When angry it. would 
erect the feathers on the crown. ' These were in all probability the Gmt hoyanu*, 
a new species recenUy found in Wiacousto. From Poge's we struck a bee-line 
for Independence. The heavy rains have swelled every little rivulet into almost 
an impassable stream. 

June 1st. — Put np last night at Independence. Started at an early hour for 
Lexington. I sncceeded to-day in shooting a Geomyt hurtariu» while he was 
unloading hia sacks at the mouth of his hoK— the first I have been able to ob- 
tain, notwithstanding we have been continually where their works were aboudant. 
As a natural history item, I record the measnrenieat we took to-day of the 
"Missouri giant ox," raised by H. S. Bellas, of Rochester, Andrews county, 
Missouri : Length from elbow to top of withers, 3j feet; from knee to point of 
shoulder, 3 feet; bed to point of hip, 4^ feet; from brisket to top of shoulder, 
5 feet; oronnd the knee, 22 laches; ncight, 19 hands, [6 feet 4 inches;) length 
from point of nose to insertion of tail, 13 feet; age, 6 years; color, red; breed. 
Dative. We saw the skins of two beavers that had been recently caught on aa 
island in the Missoori river, ten miles above Lexington. We bad intended to 
visit tbe spot to view their recent works, which were represented aa being a 
great curiosity. Arrived at Lexington in the evening. This day is the first 
that it has failed to rain since we left. In our abseuce Mrs. Hoy caught a 
second rrd-marked garter-snake. 

Sd. — Occupied in pacldng and forwarding our collection to the Smithsonian 
Institution, our expe^tion being broagbt to a close. 

4th. — Started home, where we arrived after a rapid and pleasant journey by 
way of Ohio, , 

The following list embraces all the species of birds observed by me in western 
Missouri : 

A lut of birds na 



CotbaRea aura. 
Halistus leuGocephalna. 
Pandion halicetiu. 
Faico aaatum. 
Unnnnculas aparreiius. 
AaCnr Htricapillus. 
Accipiter fuscne. 
Accipiter cooperii. 
Bateo borealia. 
Boteo lioeotuA. 
Arcbibutuo sancti johoimis. 
Kaudenis furcatui. 
Circufl budsouius. 
BuIm Tirgi Di anuB. 
STTnioni oebaloaain. 



Ajitrostomoj voclfenu. 
CbordeilM virg:iDiaaus. 
Progne purpurea. 
Cotjte ripana. 
Cliaetuni pulosgio. 
CBryls alcyon. 
Laaius ludovicianaa. 
Tfraimua intrepidm. 
TTraouui crioitua. 
Tjiaimuta virens. 
TTTaDiiula fuBca. 
Tyrannula acadica. 
Beiopbaga raticiUo. 
Setopbaga wiloonli. ^ 
Culicivora cairulea. 



Tireo davi&oDB. 
Tiieo solitariiu. 
Vireo silviu. 
Vireo Eellii. 
Vireo olivacen*. 
Icteria viridis. 
Uimus polygloltos. 
Mimus rafua. 
Hi mas fell vox. 
TurduB raigratorios. 
Tardoa musleliaua. 
Tardiu wiUouii. 
ScinruB aurocapibna. 
Sjlvicota corunato. 
8f IvicoU pewchia. 



)oglc 
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^Mlvicolk biiK-kbomue. 
S-Vt»ie«U ieieraeephal*. 

^hricoU (trials. 
^Wicola uncricuu. 
SjWicoU c*nadenii». 
BylTicota oeralea. 
l^hu (&7lvicol«) ronsoM. 
Triduu msrjlaiidic*. 
Tricbu pMJailelplii». 
TenDiTora pensHjIvuitctt. 
TermiTora peregiim. 
Ternuvora aolitaria. 
Vannivom proiouotariiu. 
TroglodjWs vdon. 
Troglodjrtefl hjemali*. 
TroglodjtM ladovklaniu. 
Beguloii calBodolk. 
BcRuliu BatrapA. 
Sifttia wilBoaJi. 
CerUiia amcrican*. 
Situ carolineDBis. 
i^nu atiicaplllnt. 
Panis MpteDlrioDalia.(I) 
LophophsDes bicolor. 
Bombjcilla americaoa. 
ZoDotrichia iliaca. 
Zonolricbia melodia. 
ZoQotrichia penoBjlvanic*. 
ZuDOtricbia leucoplirya. 
Zonotricbia pauerina. 
Zonotricbia piuilla. 
Zouotrichia •ocialii. 



ZoDobicbia lincolnii. 
Chtjioaiitiu tristia. 
Cbondeatea gramiDacea. 



Spisa cjanea. 
Pitjlna cardinalu. 
Cocobonu Indovidaoni. 
Pjraiiga nibra. 
I^tsDEa Eitiva. 
Stamella ladoriciaDa. 
Ypbaiitt» baltimore. 
Yphaules spun us. 
Dolicboayx orjzivora. 
DolicbuDjx bicolor. 
Molotbnu pecoris. 
Agelaiut pbceniceDB. 

euiacalns versicolor. ■ 
jaoocorax crielaUu. 
Corriu imericanos. 
Corviuc«nu(. 
Trocbilns colnbri«. 
Ptcna pileaRu. 
Dendrocopnfl TiUonu. 
Dendrocopiu pabeaceiu. 
Dendraupiu variui. 
Uelanerpes eiythrocepbalm 
Colapt«s auiatiu. 
Centunu cnroliuiu. 

CoccjzuB eiytbrophtbaliDiu 
CoDuriu carolineoHU. 
Eclopiiles carobDensii. 



Baling virginiaaoa. 
Gnu cauadeiiBiB. 
Ardea hrrodias. 
BoCMtroa lenii^ocua. 
Ardeola eiilis. 
Cbaiadriaa maiTDomtiH. 
Chaiadriiu Torifema. 
Tringa picloialis. 
TriDga marillma. 
Trinpi pDsilla. 
Tolaoos vorifenu. 
ToUniu flavipei. 
ToUnm MliUuiiu. 
Totanna macalaiioi. 
Totanns baiUMDiDs. 
Nnmeniiu luDgriiostrii. 
Limosa fedoa. 
Ahmt iianadenaU. 
Anaer albifeoiu. 
Anas cljpeata. 
Anai boscbai. 
Anas Btrepera. 
Qaerquedala discora. 
Qaerqncdala carollnen^ 
DeodioDCssa spansa. 
Fuli^la itiaiila. 
Fnlignla ni6torqaea. 
Ctanpila albeoUL 
Uergua meigaiuer. 
Uergn* coculotua. 
Sterna nigra. 
Coljmbus glacialia. 
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TABLES OF WEIGHTS AND MEASURES. 



ENGLISH WEIGHTS AIJD MEASDEES. 

ATOIBJ 





Grains. 


Dracbnu. 


Ounc«a. 


Lbs. 


q™. 


Cwt. 


Tom. 




1. 

27.34 

437. & 

7000. 

196000. 

78W00. 

15680000. 
















25e. 

7168. 

2867S. 

573440. 














1. 

16. 

448. 

1792. 

35840. 












1. 

28. 

iia. 

2240. 










4 

80 






§lrt^:.'.':::::::: 


1 

20 













TROY WStOHT. 





OnUm. 


Dwt«. 


Onncaa. 


Lb. 




1 

S4 

480 

6760 










1 

ao 

840 








1 
13 













1 cubic inch of distilled water, ii 
1 cubic incb of distilled water, it 



-,ftt 620F =252.456 gr. 

» portw, at 620 P =252.722 gr. 

Cubic iocbes. 

Igallon =277.276. 

1 pint = 34.659. 

1 fluid ounce = 1.7389. 

llitre... = 61.024. 

1 cubic centimetre ^ 0.061024. 

1 cubic inch ^ 16.387 cubic centimetres. 

1.00000 parts of gas at 32° F., 29.922 bar., (also at 32°,) become; at 60o F., 
bar. 30 inches, (also at 60<^) = 1.05720 ports. 



HBTBICAL SYSTEM NOW IN D8B. 



EDglisb Tslne. 

Millimetre, (l,000tli of a metre) 0.03937 inch. 

Centimetre, (lOOlh of a metre) 0.39371 inch. 

Decimetre, ( lOtb of a metre) 3.93708 inches. 

Metre," (unit of length) 39.3708 inches, or 3.2809 feet 

Decametre, (10 metres) 32.809 feet, or 10.9363 yards. 

Hectometre, (100 metres^ 326.09 feet, or 109.3633 yards. 

Kilometre, (1,000 metres) 1,093.63 yards, or 0.62138 mile. 

Myriametre, (10,000 metres) 10,936.33 yards, or 6.21383 miles. 



TABLES OF WEIOHTS AND MEA8CBES. 



Ceotiare, (100th of tm are, or a eqnare 

metre) 1.1960 sqimre yard. 

Are, (equare decametre and unit of 

Burface) :.. 119.6033 Bqnare yards, or 0.0247 acre. 

Decare, (10 area) 1,196.033 square yards, or 0.2474 acre. 

Hectare, (100 ares) 11,960.33 square yards, or 2.4736 acres. 

CiFaCITY, 

Millilitra, (1,000th of a litre, or cubic 

centimetre) 0.06103 cubic inch. 

Centilitre, (lOOtb of a litre) 0.61037 cubic inch. 

Decilitre, (10th of a litre) 6.10270 culnc iochea. 

Litre, (cnbic decimetre imd unit of 

capacity) 610.3705 cubic inchee, or 2.2010 gallr. 

Decalitre, (10 litres) 61.02705 cnbic inches, or 1.7608 pt. 

Hectolitre, (100 litres) 3.53166 cubic feet, or 22.0097 gttDa. 

Kilolitre, (1,000 litres, or cnbic metre) 35.31658 cnbic feet, or 220.0967 galls. 

Myrialitre, (10,000 litres) 353.1658cubicfeet,or2,200S667 galls. 

SOUD. 

Decistere, (10th of a stera) 3.5317 cnbic feet 

Stere, (cnbic metre) 35.3166 cubic feet 

Decastere, (10 Bterea) 353.1658 cubic feet 

WElfiHT. 

Milligramme, (1,000th of a gramme) . 0.0154 grain. 

Centigramme, (100th of a gjamme).. 0.1544 grain. 

D^igmmme, (10th of a gramme) 1.5440 grain. 

Gramme, (unit of weight) 15.44 grains. 

DecAgTBiome, ( 10 grammes) 154.4 grains. 

fiectogramme, (100 grammes) 1,544 grains, 3.&167 oa. troy, or 3Ut291 

oz. avoirdupois. 

Kilogramme, (1,000 gnunmes) 321 oz.troy,or2.2057lbs.avoirdnpois. 

Sly riagramme, (10,000 grammes) — 32l| oz. troy, or 22.057 lbs. avoirdupois. 

Value of mtUmetra ns BngUtk imcAet. 



UillimetrM. 


EDglithiQcbes. 


UiUimetTM. 


Eagliih inches. 


AfiUimeties. 


English inebea. 




0.03937079 

0.07B74IM 

0.11611237 

0. 15748316 

0. 19685395 

0.23622474 

0.27569553 

0.31496633 

0.36433711 

0.39570790 

0.5905. 

0.7974 

0.98*8 

1.1811 

1.3779 

1.&74S 


46 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

11.1 

120 


1.7716 

1.963 

S.16S 

S.362 

S.559 

9. 756 

2.953 

3.149 

a348 

a 543 

3.740 

3.937 

4.134 

4.331 

4.528 

4.744 


»« 

130 

135 

140 

145 

150 

165 

160 

165 

170 

176 

180 

185 

190 

196 

2W 


















6.706 
&.906 
6.103 

&soe 

6.496 

6.699 
6.890 

7.087 




















7.480 
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Table for the eonpernoH t^f degree* of Centigrade thermometer* into tko*e of 
FoArenAeit'* teale. 



CenL 


FBh. 


C«nt. 


Fob. 


Cent 


P»h. 


Cent. 


Fah. 


—100 


—148.0 


—19 


-56.8 


2 


35.6 


53 


127.4 


— 99 


—146.2 


^8 


-54.4 




37.4 


' 54 


189.2 


— 98 


—144.4 


-4T 


-52.6 




39. 2 


55 


131.0 


— 97 


-142.6 


-46 


—SO. 8 




41.0 


66 


138.6 


— 96 


—140.6 


-45 


—19.0 


6 


42,8 


57 


134.6 


— 95 


—139.0 


—14 


—47.2 


7 


44.6 


58 


136.4 


-91 


—137.2 


-43 


—15.4 




46.4 


59 


138.2 


— 93 


—135.4 


^8 


—13.6 




48.2 


60 


140.0 


— 92 


—133.6 


—11 


-41.6 




50.0 


61 


141.8 


— 91 


—131.6 


-40 


-40.0 




51.8 


62 


143.6 


— 90 


—130.0 


-39 


-38.2 




53.6 


63 


145.4 


— 89 


—188. 2 


-38 


-36.4 




55.4 


64 


147.2 


-88 


—186.1 


-37 


—34.6 




57.2 


65 


149.0 


-ST 


-184.6 


-36 


—32.8 




59.0 


66 


150.8 


— 86 


-182.8 


-35 


—31.0 




60.8 


67 


152.6 


— 85 


—181.0 


-34 


-29.2 




62.6 


68 


154.4 


-84 


j-iw.a 


-33 


— 2r.4 




64.4 


69 


156.3 


— 83 


—117.4 


—32 


-35.6 




66.8 


70 


158.0 


-82 


—115,6 


—31 


-23.8 


20 


68.0 


71 


159.8 


— 81 


—113.8 


—30 


—28.0 


21 


69.8 


72 


161.6 


-80 


-112.0 


—39 


-20.8 


22 


71.6 


73 


163.4 


— 79 


—110.2 


-^-28 


-18.4 




73.4 


74 


165.8 


■ — 78 


-108.4 


— 2T 


—10.8 


24 


75.2 


76 


]67,0 


— 77 


-106.6 


—26 


—14.8 


85 


77.0 


76 


166.8 


— 76 


-104.8 


—25 


—13.0 


26 


78.8 


77 


170.6 


— 75 


—103.0 


—24 




27 


60.6 


78 


172.4 


— 74 


-101.2 


—23 


-9.4 


88 




79 


174.8 


— 73 


-99.4 


-28 


— 7.6 


29 


84:8 


80 


176,0 


— 72 


— 97.6 


—21 


— 5.8 


30 


86.0 


ei 


1T7.8 


-71 


-95.8 


—20 


— 4.0 


31 


87.8 


82 


179.6 


— 70 


-94.0 


—19 


— 2,8 


32 


89.6 


83 


181.4 


— m 


-98.2 


— !6 


— 0.4 


33 


91.4 


84 


183.2 




— 90.4 


—17 


+ 1-* 


34 


93.2 


86 


185.0 


— 67 


-88.6 


-16 


3.3 


35 


95.0 


86 


186.8 


— 66 


— 86.8 


—15 


5.0 


36 


96.8 


87 


188.6 


— 63 


-86.0 


—14 


6.8 


37 


08. 6 


88 


190.4 


— 64 


^83.8 


-13 


8.6 




100.4 


69 


ltt2.2 




— 81.4 


-12 


10.4 


39 


102.3 


90 


194.0 


-!? 


— 79.6 


—11 


18.2 


40 


104.0 


91 


195.8 


-51 


— 77.8 


-10 


14.0 


41 


105. 8 


92 


197.6 


— 60 


— 76.0 


— 9 


15.8 


48 


107,6 


93 


199.4 


— 69 


— 74.8 


— 8 


17.6 


43 


109,4 


94 


201.8 


— 58 


-72.4 


-7 


19.4 


14 


111.2 


95 


203.0 


— 57 


— 70.6 


— 6 


21.3 


15 


113,0 


96 


804.8 


— 56 


— 68.8 


— 5 


83.0 


16 


J 14. 8 


97 


806.6 


— 65 


— 67.0 


— 4 


24.8 


IT 


116.6 


88 


208.4 


— 54 


-66.8 




86.6 


46 


118.4 


99 


210.2 


— 53 


— 63.4 


— 8 


88.4 


.49 


120.8 


100 


8)8.0 


— 52 


— 61.6 


— 1 


30.8 


60 


128.0 


101 


213.8 


— 51 


— 59.8 


— 


32.0 


61 


123.8 


103 


215.6 


— 50 


— 5ao 


+ 1 


33,8 


52 


126.6 


103 


217.4 
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442 TABLES OF WEIQHTS AND HEASCEES. 

The following table embraces the Uteet and most accnnte equiralenta, as 
accepted b7 Wul, in the JairaUrieit Jir CAfinie, for 1863 ; 

TtU^ of chemical tqiUvalaiU of the eiMy-three elemeMU. 
OxTOBii =8. 



AhuuioTun 
Antimoiiy . 
Araenic ... 
Barium ... 
Bismuth . . 

Bromine .. 
CmiboD ... 
Cadmlam- 
Caesitun -. 
Calcium.. 

Chlorine.. 
Chrmniiuii 
Cobalt 

Dianom'" 
DidTmioiu 
Fluorine .. 

Gold 

Olacinnm . 

Indiam!" 

Iridium . . . 

LODthai 

Lead.. 

ZJthiiuD 

Ha^esium. 

Mangiuiese. 

HetGui7 ... 

MolTbdenui 

Nkkcl...-. 

Niobium . . 



'If ElDdDe=OIO. 
'Ug]odi»=GI,0». 
> If silicic add =Bi 0>. 
* If =810.. 
■in(=810» 



■^0 






31.7 


1) 


47.5 




10 


in .. 


197 














Fe... 
n, . 


28 



Norium 

Oimium 

Oiygen 

Palladium... 
Phoephoraa . 
Platiuum . . . 
Potauinm . . 
Rhodinm-... 
Bubidinm... 
Butkeniam. . 

Sulphur 

Seleninin ... 
Silvar 

Silidum 

Sodium 

Strouiinm.-. 
Tantalum--. 
Telinriom-.. 
Thalliam ... 

Thorinm.-., 
Titaoiom .. . 
Uranium — 
Vanadium... 
Waaium (I) 

Wolfram 

Yttrium 

Zinc 

Zirconlmn... 

J 



*If tantalic add sTa Oh 
'If thoria =Th0. 
•If it =ThO,. 
>lf tangsticacid^WoO». 



tZn. 



52.a 

85.4 
&3.3 



59. le^ 
57. ep 
118. 3» 
115, 7« 



k. 
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